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(54) REFERENCE FRAME DECODING METHOD

(57) Embodiments of the present invention provide
a reference frame decoding method, including: obtaining
a first reference frame, where the first reference frame
is a first picture frame on which decoding reconstruction
has been performed or a first interpolated picture frame
obtained by means of pixel interpolation on the first pic-
ture frame; parsing a bitstream to obtain mapping param-
eters; determining to-be-determined coefficients of a pre-
set mapping function according to the mapping param-
eters; obtaining, in the first reference frame according to
the mapping function whose to-be-determined coeffi-
cients have been determined, a first pixel unit having a
mapping relationship with a second pixel unit of a second
reference frame; and assigning a pixel value of the first
pixel unit to the second pixel unit. In the present invention,
only a small quantity of mapping parameters is transmit-
ted at a frame level, and selectivity of reference frames
is enriched, so that a reference frame is closer to an actual
frame, and prediction performed by using the reference
frame is more accurate, thereby improving encoding ef-
ficiency.



EP 3 334 153 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to the field of vid-
eo image processing, and in particular, to a reference
frame encoding method and apparatus, and a reference
frame decoding method and apparatus.

BACKGROUND

[0002] Digital video capabilities can be incorporated
into a wide range of apparatuses, including digital tele-
visions, digital direct broadcast systems, wireless broad-
cast systems, personal digital assistants (PDAs), laptop
or desktop computers, tablet computers, electronic book
readers, digital cameras, digital recording apparatuses,
digital media players, video gaming apparatuses, video
game consoles, cellular or satellite radio telephones, vid-
eo conferencing apparatuses, video streaming appara-
tuses, and the like. Digital video apparatuses implement
video compression technologies such as video compres-
sion technologies described in standards defined by
MPEG-2, MPEG-4, ITU-T H.263, ITU-T H.264/MPEG-4
Part 10, Advanced Video coding (AVC), ITU-T H.265:
the High Efficiency Video Coding (HEVC) standard, and
extensions of such standards, to transmit and receive
digital video information more efficiently. By implement-
ing such video coding technologies, a video apparatus
can transmit, receive, encode, decode and/or store digital
video information more efficiently.
[0003] In the field of video coding, a concept of a frame
means an entire picture. After being formed into a video
format frame by frame according to a particular sequence
and frame rate, pictures may be played. When the frame
rate reaches a particular rate, a time interval between
two frames is less than a resolution limit of human eyes,
transient persistence of vision occurs, and therefore the
pictures appear to be moving on a screen. The basis on
which a video file can be compressed is compression
coding of a single-frame digital picture. A digitized picture
has lots of repeatedly indicated information that is re-
ferred to as redundant information. A frame of picture
usually has many parts having a same or similar spatial
structure. For example, a close association and a simi-
larity usually exist between colors of sampling points of
a same object or background. In a multi-frame picture
group, a great correlation basically exists between a
frame of picture and a previous frame or a next frame of
the frame of picture, and a difference between pixel val-
ues for describing information is very small. These are
all parts that can be compressed. Similarly, the video file
includes not only spatially redundant information but also
lots of temporally redundant information. This is caused
by a composition structure of a video. For example, a
frame rate of video sampling is usually 25 frames/second
to 30 frames/second. 60 frames/second may occur in a
special case. That is, a sampling time interval between

two neighboring frames is at least 1/30 second to 1/25
second. In such a short time, massive similar information
basically exists in all pictures obtained by means of sam-
pling, and a great association exists between the pic-
tures. However, independent recording is performed in
an original digital video recording system, and such fea-
tures as continuity and similarity are not considered or
used. Consequently, a quite large quantity of repeated
and redundant data is caused. In addition, researches
have indicated that a part that can be compressed, that
is, visual redundancy, also exists in video information
from the perspective of a psychological feature, that is,
visual sensitivity of human eyes. The visual redundancy
means properly compressing a video bit stream by using
a physiological property that human eyes are relatively
sensitive to a luminance change but relatively insensitive
to a chrominance change. In a high-luminance area, sen-
sitivity of human eye vision to a luminance change
presents a descending trend. The human eye vision turns
to be relatively sensitive to an edge part of an object and
relatively insensitive to an inner area, and relatively sen-
sitive to an entire structure and relatively insensitive to a
change of inner details. Video picture information is used
to eventually serve humans. Therefore, compression
processing may be performed on original video picture
information by fully using these features of human eyes,
to achieve a more desirable compression effect. In ad-
dition to the spatial redundancy, the temporal redundan-
cy, and the visual redundancy that are mentioned above,
a series of redundant information such as redundancy of
information entropy, structure redundancy, knowledge
redundancy, and importance redundancy may exist in
the video picture information. An objective of video com-
pression encoding is to remove redundant information
from a video sequence by using various technologies
and methods, so as to reduce storage space usage and
save transmission bandwidth.
[0004] In terms of the current state of technical devel-
opment, a video compression processing technology
mainly includes intra-frame prediction, inter-frame pre-
diction, transform and quantization, entropy encoding,
deblocking filtering processing, and the like. In an inter-
national universal range, there are mainly four types of
mainstream compression coding schemes in existing
video compression encoding standards: chroma sub-
sampling, predictive coding, transform coding, and quan-
tization coding.
[0005] Chroma subsampling: The scheme fully uses
visual and psychological features of human eyes, and
starts to attempt to maximally reduce, from bottom-layer
data indication, a data volume described by a single el-
ement. Luminance-chrominance-chrominance (YUV)
color coding is mostly used in a television system and is
a standard widely used in a European television system.
A YUV color space includes a luminance signal Y and
two chrominance signals U and V. The three components
are independent of each other. An indication manner in
which YUV color modes are separate from each other is
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more flexible, occupies a small quantity of bandwidth for
transmission, and is advantageous over a conventional
red green blue (RGB) color model. For example, a YUV
4:2:0 form indicates that a quantity of two chrominance
components U and V is only a half of a quantity of lumi-
nance components Y in both horizontal and vertical di-
rections, that is, in four pixel sampling points, there are
four luminance components Y and only one chrominance
component U and one chrominance component V. In
such indication, the data volume is further reduced and
only accounts for 33% of an original data volume approx-
imately. Achieving an objective of video compression in
such a manner of chroma subsampling and by using
physiological and visual characteristics of human eyes
is one of widely used video data compression manners
at present.
[0006] Predictive coding: A current to-be-encoded
frame is predicted by using data information of a previ-
ously encoded frame. A predictor is obtained by means
of prediction and is not exactly equal to an actual value.
A residual value exists between the predictor and the
actual value. When prediction is more appropriate, the
predictor is closer to the actual value and the residual
value is smaller. In this way, a data volume may be greatly
reduced by encoding the residual value. An initial picture
is restored or reconstructed by adding the residual value
to the predictor during decoding on a decoder side. This
is a basic concept and method of the predictive coding.
In a mainstream coding standard, the predictive coding
includes two basic types: intra-frame prediction and inter-
frame prediction.
[0007] Transform coding: Original spatial-domain in-
formation is not directly encoded. Instead, a sample value
of information is transformed from a current domain into
another manually defined domain (which is usually re-
ferred to as a transform domain) according to a form of
transform function, and then compression coding is per-
formed according to a distribution feature of the informa-
tion in the transform domain. A reason for the transform
coding is that a data correlation of video picture data is
usually large in a spatial domain, resulting in existence
of massive redundant information. Consequently, direct
encoding requires a large quantity of bits. The data cor-
relation is greatly reduced in the transform domain, so
that redundant information for encoding is reduced, and
a data volume required for the encoding is greatly re-
duced accordingly. In this way, a relatively high compres-
sion ratio may be obtained, and a relatively desirable
compression effect may be achieved. Typical transform
coding includes Karhunen-Loeve (K-L) transform, Fou-
rier transform, and the like. Integer discrete cosine trans-
form (DCT) is a transform coding scheme commonly
used in many international standards.
[0008] Quantization coding: Actually, data is not com-
pressed in the transform coding mentioned above, and
a quantization process is a powerful means for data com-
pression and is a main reason for data "loss" in lossy
compression. The quantization process is a process of

forcibly planning an input value having a relatively large
dynamic range into an output value having a relatively
small dynamic range. A quantized input value has a rel-
atively large range, and therefore requires a relatively
large quantity of bits for indication, while an output value
obtained after "forcible planning" has a relatively small
range, and therefore requires only a small quantity of bits
for indication. Each quantized input is normalized into a
quantized output, that is, quantized into an order of mag-
nitude. Such order of magnitude is usually referred to as
a quantization level (which is usually specified by an en-
coder).
[0009] In a coding algorithm based on a hybrid coding
architecture, the foregoing compression coding schemes
are mixed for use. An encoder control module selects,
according to local features of different picture blocks in
a video frame, encoding modes used for the picture
blocks. Frequency domain prediction or spatial domain
prediction is performed on a block on which intra-frame
prediction encoding is performed, and motion compen-
sation prediction is performed on a block on which inter-
frame prediction encoding is performed. Then, transform
and quantization processing is performed on a predicted
residual to form a residual coefficient. At last, a final bit-
stream is generated by using an entropy encoder. To
avoid accumulation of prediction errors, a reference sig-
nal of intra-frame prediction or inter-frame prediction is
obtained by using a decoding module on an encoder side.
Dequantization and an inverse transform are performed
on the residual coefficient obtained after the transform
and quantization, to reconstruct a residual signal. The
residual signal is then added to the reference signal of
prediction to obtain a reconstructed picture. Pixel correc-
tion is performed on the reconstructed picture by means
of loop filtering, so as to improve encoding quality of the
reconstructed picture.

SUMMARY

[0010] The present invention discloses a reference
frame encoding method and a reference frame decoding
method, so as to improve encoding efficiency.
[0011] Motion compensation is one of key technolo-
gies in video encoding for improving compression effi-
ciency. Conventional motion compensation based on
block matching is a method widely applied to mainstream
video encoders, and especially, in video encoding stand-
ards. In the motion compensation method based on block
matching, a translational motion model is used for an
inter-prediction block. In the translational motion model,
it is assumed that motion vectors in all pixel positions in
a block are equal. However, this assumption is invalid in
many cases. Actually, a motion of an object in a video is
usually a complex combination of motions such as trans-
lation, rotation, and zoom. If a pixel block includes these
complex motions, a prediction signal that is obtained by
using the conventional motion compensation method
based on block matching is inaccurate. Consequently,
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inter-frame correlation cannot be completely removed.
To resolve the problem, a high-order motion model is
introduced to the motion compensation in the video en-
coding. The high-order motion model has greater free-
dom than the translational motion model, and allows pix-
els in an inter-prediction block to have different motion
vectors. That is, a motion vector field generated by means
of the high-order motion model is more accurate.
[0012] An affine motion model described based on a
control point is a representative type of high-order motion
model. Different from the conventional translational mo-
tion model, a value of a motion vector of each pixel point
in a block is related to its position, and is a first-order
linear equation of a coordinate position. The affine motion
model allows a warping transform such as rotation or
zoom of a reference block, and a more accurate predic-
tion block can be obtained by means of the motion com-
pensation.
[0013] An affine mode may better improve a precision
value of a prediction block and improve encoding effi-
ciency. However, on the other hand, for the affine mode,
more bit rates need to be consumed to encode motion
information of control points than those needed for uni-
form motion information based on the translational mo-
tion model. In addition, because a quantity of candidate
prediction modes increases, a bit rate used to encode a
result of selection from the prediction modes also in-
creases. Such additional bit rate consumption all hinders
improvement of the encoding efficiency.
[0014] According to a first aspect of the present inven-
tion, a reference frame decoding method is disclosed,
specifically including:
decoding a received video bitstream on a decoder side,
so that in a process of performing decoding reconstruc-
tion on a picture frame, a picture frame on which decoding
reconstruction has been performed needs to be used as
a reference frame of a current to-be-decoded frame, and
decoding reconstruction on the current to-be-decoded
frame is completed with reference to the reference frame.
Not all picture frames on which decoding reconstruction
has been performed are used as a reference frame of
the current to-be-decoded frame, and only a picture ref-
erence frame on which decoding reconstruction has been
performed and that is stored in a reference frame list is
used as the reference frame for selection and use by the
current to-be-decoded frame. A reference frame in the
reference frame list is also referred to as a candidate
reference frame of the current to-be-decoded frame. The
reference frame list is updated as a to-be-decoded frame
is decoded. In some embodiments, after decoding recon-
struction has been performed on the to-be-decoded
frame, the to-be-decoded frame is added to the reference
frame list and used as a reference frame of a subsequent
to-be-decoded frame.
[0015] It may be assumed that decoding reconstruc-
tion has been performed on the current to-be-decoded
frame. Optionally, pixel interpolation may be performed
on the picture frame on which decoding reconstruction

has been performed. A method for the pixel interpolation
includes single-frame picture sub-pixel interpolation and
multi-frame motion estimation interpolation, both of
which aim to improve precision of a picture on which de-
coding reconstruction has been performed as a reference
picture during motion estimation. This is not limited. The
frame on which decoding reconstruction has been per-
formed or a frame obtained after the pixel interpolation
is performed on the frame on which decoding reconstruc-
tion has been performed may be referred to as a first
reference frame.
[0016] A bitstream is parsed to obtain mapping param-
eters. Usually, a quantity of mapping parameters is not
less than 2. The mapping parameters are encoded into
the bitstream on an encoder side. The decoder side pars-
es, by using an operation rule followed by both the en-
coder side and the decoder side, the bitstream to obtain
the mapping parameters in a decoding scheme corre-
sponding to an encoding scheme on the encoder side.
[0017] It should be understood that such mapping pa-
rameters are transferred at a frame level, may be trans-
ferred in a picture parameter set (PPS, picture parameter
set), may be transferred in a slice header (slice header),
or may be transferred as another frame-level syntactic
element. This is not limited.
[0018] A mapping function is preset according to em-
pirical or experimental data. The mapping function re-
flects a location mapping relationship between any point
in a to-be-generated reference frame which may be re-
ferred to as a second reference frame and a pixel unit in
the first reference frame. In some embodiments, an out-
put of the mapping function is a location of a target pixel
unit, and an input is a location of a source pixel unit and
a to-be-determined parameter. Therefore, the mapping
function indicating the location mapping relationship be-
tween any point in the second reference frame and the
pixel unit in the first reference frame may be established
with reference to the mapping parameters obtained from
the bitstream.
[0019] It should be understood that a pixel unit may be
a pixel point, or a set of several neighboring pixel points
in a plane location, for example, a set of 2*2 pixel points.
This is not limited. Correspondingly, a location of the pixel
unit may be indicated by a location of an upper-left pixel
point in the pixel unit, a location of a pixel point in the
middle of a pixel set, or a location of any preset pixel
point. In this embodiment of the present invention, a co-
ordinate location of the pixel unit is usually a coordinate
location of the upper-left pixel point in the pixel unit.
[0020] Under derivation of the mapping function, for
each point in the second reference frame, a mapping
point that is in the first reference frame and that is of the
point may be found, and a pixel value of the mapping
point is obtained as a pixel value of the point. When such
step is performed on each point in the second reference
frame, the second reference frame is generated. It should
be understood that the pixel unit participates, as a whole,
in a process of determining the mapping point. A pixel
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value location of each pixel point in the pixel unit of the
mapping point is correspondingly assigned to each
mapped pixel point in a pixel unit in the second reference
frame.
[0021] In an embodiment, the mapping function de-
scribed above is x’ = m0x+m1y+m2,y’= m3x+m4y+m5. x,
y are a horizontal coordinate and a vertical coordinate of
the source pixel unit, x’, y’ are a horizontal coordinate
and a vertical coordinate of the target pixel unit having
the mapping relationship with the source pixel unit x, y,
and m0,m1,m2,m3,m4,m5 are the mapping parameters.
Correspondingly, the obtaining, in the first reference
frame according to the mapping function whose to-be-
determined coefficients have been determined, a first pix-
el unit having a mapping relationship with a second pixel
unit of a second reference frame includes: in the first
reference frame, a location of the first pixel unit is x’ =
m0x+m1y+m2,y’ = m3x+m4y+m5, x, y are a horizontal co-
ordinate and a vertical coordinate of the second pixel
unit, and x’, y’ are a horizontal coordinate and a vertical
coordinate of the first pixel unit having the mapping re-
lationship with the second pixel unit. It should be under-
stood that in this embodiment, a six-parameter mapping
function is used. Patent applications such as No.
CN201010247275.7, CN201410584175.1,
CN201410526608.8, CN201510085362.X,
PCT/CN2015/073969, CN201510249484.8,
CN201510391765.7, and CN201510543542.8 are incor-
porated herein by reference in their entireties and dis-
close mapping functions using other parameters such as
two parameters, four parameters, and eight parameters.
This is not limited. It should be understood that a quantity
of the mapping parameters obtained by parsing the bit-
stream should be consistent with a quantity of to-be-de-
termined coefficients required for the corresponding
mapping function.
[0022] The generated second reference frame can be
selected and used by a subsequent to-be-decoded frame
only after the generated second reference frame is added
to the reference frame list. Encoding efficiency may be
improved by efficiently designing a composition policy of
the reference frame list. Otherwise, if an inappropriate
reference frame is selected to be added to the reference
frame list, the encoding efficiency may be reduced.
[0023] In an embodiment, the picture frame on which
decoding reconstruction has been performed and the
second reference frame are added to the reference frame
list in a neighboring location relationship.
[0024] In an embodiment, only the second reference
frame is added to the reference frame list.
[0025] In an embodiment, for multiple picture frames
on which decoding reconstruction has been performed,
usually, a quantity of the multiple picture frames is not
less than 2 and may be, for example, 2, and the second
reference frame and a fourth reference frame are gen-
erated according to the method in the first aspect of the
present invention. Weighted addition is performed on pix-
el units corresponding to the second reference frame and

the fourth reference frame to obtain a new reference
frame which may be referred to as a fifth reference frame.
It should be understood that a weighted value of the
weighted addition herein may be set according to indica-
tors such as different quality and different reliabilities of
the reference frames. This is not limited. For example,
an average value of the pixel units corresponding to the
second reference frame and the fourth reference frame
may be calculated. The picture frame on which decoding
reconstruction has been performed or the fifth reference
frame is added to the reference frame list. Alternatively,
the picture frame on which decoding reconstruction has
been performed and the fifth reference frame may be
both added to the reference frame list.
[0026] In an embodiment, a region in the first reference
frame is arbitrarily selected. For example, the entire first
reference frame may be selected, and then the region is
a matrix whose vertexes are four vertexes of the first
reference frame. Alternatively, a region of any shape may
be arbitrarily obtained in the first reference frame. This
is not limited. A region covered by the entire first refer-
ence frame may be referred to as a first region. Locations
of four scatters that are in the second reference frame
and that correspond to the four vertexes of the first region
are calculated according to the mapping function in the
first aspect of the present invention. The four scatters are
connected according to a connection relationship of the
four vertexes of the first region, so as to encircle a region
in the second reference frame. The encircled region may
be set as a second region. In a coordinate plane location
relationship, an overlapped part and a non-overlapped
part exist in coverage of the first region and the second
region. The overlapped part is referred to as an intersec-
tion of the first region and the second region. The non-
overlapped part in the coverage of the first region and
the second region and the intersection are referred to as
a union of the first region and the second region. A ratio
of an area of the intersection to an area of the union is
calculated. When the ratio is less than a preset value,
the second reference frame is added to the reference
frame list; otherwise, the picture frame on which decoding
reconstruction has been performed is added to the ref-
erence frame list. It should be understood that an objec-
tive of the solution is to determine a difference between
the picture frame on which decoding reconstruction has
been performed and the second reference frame. When
the difference is relatively small, the picture frame on
which decoding reconstruction has been performed is
added to the reference frame list. When the difference is
relatively large, the second reference frame is added to
the reference frame list. To achieve the objective, an im-
plementation means is not limited.
[0027] In an embodiment, the picture frame on which
decoding reconstruction has been performed and the
second reference frame in the previous embodiment are
both added to the reference frame list. For a subsequent
to-be-decoded frame, consistent with a plane location of
the intersection of the first region and the second region
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in the previous embodiment, correspondingly, the to-be-
decoded frame includes a region in a corresponding in-
tersection and a region outside the corresponding inter-
section. In an example of a first implementation, for a
pixel unit in the region of the to-be-decoded frame in the
corresponding intersection, refer to all picture frames that
are in the reference frame list and on which decoding
reconstruction has been performed, but not refer to the
second reference frame in the reference frame list. For
a pixel unit in the region of the to-be-decoded frame out-
side the corresponding intersection, refer to all the picture
frames that are in the reference frame list and on which
decoding reconstruction has been performed, or refer to
the second reference frame in the reference frame list.
In an example of a second implementation, for a pixel
unit in the region of the to-be-decoded frame in the cor-
responding intersection, refer to all picture frames that
are in the reference frame list and on which decoding
reconstruction has been performed, but not refer to the
second reference frame in the reference frame list. For
a pixel unit in the region of the to-be-decoded frame out-
side the corresponding intersection, not refer to all the
picture frames that are in the reference frame list and on
which decoding reconstruction has been performed, but
refer to the second reference frame in the reference
frame list.
[0028] Compared with methods provided in patents
such as No. CN201010247275.7 in the foregoing quota-
tion, in the present invention, only a small quantity of
mapping parameters is transmitted at a frame level, and
selectivity of reference frames is enriched, so that a ref-
erence frame is closer to an actual frame, and prediction
performed by using the reference frame is more accurate,
thereby improving encoding efficiency.
[0029] According to a second aspect of the present
invention, another reference frame decoding method is
disclosed, specifically including:
after decoding reconstruction is performed on a current
to-be-decoded frame and before a reference frame list
is processed, first, decoding a bitstream to obtain indica-
tion information, where the indication information indi-
cates whether to use a picture frame on which decoding
reconstruction has been performed as a reference frame,
that is, not considering a reference frame generated by
using the method provided in the first aspect of the
present invention; and if the indication information indi-
cates that only the picture frame on which decoding re-
construction has been performed is used as the refer-
ence frame, only using the picture frame on which de-
coding reconstruction has been performed as the refer-
ence frame; otherwise, using, as the reference frame, a
reference frame generated by using the method de-
scribed in the first aspect and the embodiments of the
present invention.
[0030] It should be understood that the indication in-
formation is transferred at a frame level, may be trans-
ferred in a picture parameter set (PPS, picture parameter
set), may be transferred in a slice header (slice header),

or may be transferred as another frame-level syntactic
element. This is not limited.
[0031] In an optional implementation, the indication in-
formation may further be transferred at a sequence level,
for example, in a sequence parameter set (SPS, se-
quence parameter set), to indicate whether only the pic-
ture frame on which decoding reconstruction has been
performed is used as a reference frame in an entire be-
longing sequence. Further, the indication information
may indicate information of each frame in the sequence
about reference frame construction. For example, indi-
cating a frame number four represents that a reference
frame generated according to the method described in
the first aspect and the embodiments of the present in-
vention is added to the reference frame list, and a number
of the reference frame is 4. Alternatively, for example,
indicating a binary sequence 011101 represents a case
of a construction manner of each frame that is in the
sequence and that is added to the reference frame list.
[0032] Because of diversity of source video content,
for some video content, a desirable encoding effect may
be achieved by using only a picture frame on which de-
coding reconstruction has been performed as a reference
frame. By using the indication information, it is known in
advance whether a reference frame generated by using
the method provided in the first aspect of the present
invention needs to be generated, so as to reduce com-
plexity of the solution.
[0033] According to a third aspect of the present inven-
tion, a reference frame encoding method is disclosed,
specifically including:
obtaining an original to-be-encoded picture frame and a
candidate reference frame currently in a reference frame
sequence; and separately extracting feature points of the
original picture frame and the obtained candidate refer-
ence frame. There are multiple methods for extracting
and matching a feature point, including a visual feature,
a statistical feature, a transform coefficient feature, an
algebraic feature, and the like of a picture. Correspond-
ingly, a feature extraction method includes a principal
component analysis method, a support vector machine,
and the like. The document Researchers on Picture Fea-
ture Extraction method (Digital Object Identifier (GOI):
CNKI:CDMD:2.2007.058439) is incorporated herein in
its entirety. A picture feature and an extraction method
are described as an example in chapter one and chapter
two of the document. A feature point extraction and
matching method used in this embodiment of the present
invention is not limited. Usually, a preset mapping func-
tion is the same as the mapping function used in the first
aspect of the present invention. Several feature points in
a set of first feature points and mapped feature points
that are in a set of second features and that have a same
quantity as that of the several feature points may mutually
be the source pixel unit and the target pixel unit of the
mapping function disclosed in the first aspect of the
present invention, so as to calculate mapping parame-
ters. Corresponding to the parsing a bitstream to obtain
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mapping parameters in the first aspect of the present
invention, the calculated mapping parameters are encod-
ed into the bitstream. A reference frame list on an encoder
side needs to be consistent with a reference frame list
on a decoder side. Therefore, the encoder side performs
a same operation as that on the decoder side, and gen-
erates, based on a picture frame on which encoding re-
construction has been performed and the mapping func-
tion mentioned above, a reference frame similar to the
second reference frame in the first aspect of the present
invention. Optionally, pixel interpolation may be per-
formed on the picture frame on which encoding recon-
struction has been performed. Correspondingly, each
embodiment on the decoder side that may be implement-
ed in the first aspect of the present invention may also
be implemented on the encoder side in the third aspect
of the present invention.
[0034] Compared with methods provided in patents
such as No. CN201010247275.7 in the foregoing quota-
tion, in the present invention, only a small quantity of
mapping parameters is transmitted at a frame level, and
selectivity of reference frames is enriched, so that a ref-
erence frame is closer to an actual frame, and prediction
performed by using the reference frame is more accurate,
thereby improving encoding efficiency.
[0035] According to a fourth aspect of the present in-
vention, another reference frame encoding method is dis-
closed, specifically including:
after encoding reconstruction is performed on a current
to-be-encoded frame and before a reference frame list
is processed, separately using a reference frame gener-
ated according to the method provided in the third aspect
of the present invention and a picture frame on which
decoding reconstruction has been performed as a refer-
ence frame to test encoding performance. It should be
understood that the foregoing encoding performance test
is a process of encoding quality-encoding cost (distor-
tion-rate) selection. Comparison may be performed ac-
cording to accurate encoding quality and an accurate
quantity of encoding bits or may be performed in a sim-
plified manner. For example, only a quantity of encoding
bits is tested. This is not limited. If higher encoding per-
formance may be obtained by using the reference frame
generated by using the method provided in the third as-
pect of the present invention, encoding is performed ac-
cording to the method in the third aspect and the embod-
iments of the present invention, and corresponding to the
parsing a bitstream to obtain indication information in the
second aspect of the present invention, selection infor-
mation is encoded into the bitstream; otherwise, encod-
ing is performed by using the picture frame on which de-
coding reconstruction has been performed as the refer-
ence frame, and corresponding to the parsing a bitstream
to obtain indication information in the second aspect of
the present invention, selection information also needs
to be encoded into the bitstream.
[0036] It should be understood that the selection infor-
mation is transferred at a frame level, may be transferred

in a picture parameter set (PPS, picture parameter set),
may be transferred in a slice header (slice header), or
may be transferred as another frame-level syntactic el-
ement. This is not limited.
[0037] Corresponding to an implementation on a de-
coder side, indication information may further be encod-
ed at a sequence level, for example, in a sequence pa-
rameter set (SPS, sequence parameter set), to indicate
whether only the picture frame on which decoding recon-
struction has been performed is used as a reference
frame in an entire belonging sequence. Further, the in-
dication information may indicate information of each
frame in the sequence about reference frame construc-
tion. For example, indicating a frame number four repre-
sents that a reference frame generated according to the
method described in the first aspect and the embodi-
ments of the present invention is added to the reference
frame list, and a number of the reference frame is 4. Al-
ternatively, for example, indicating a binary sequence
011101 represents a case of a construction manner of
each frame that is in the sequence and that is added to
the reference frame list.
[0038] Because of diversity of source video content,
for some video content, a desirable encoding effect may
be achieved by using only a picture frame on which en-
coding reconstruction has been performed as a reference
frame. By using the selection information, the decoder
side is notified in advance of whether a reference frame
generated by using the method provided in the third as-
pect of the present invention needs to be generated, so
as to reduce complexity of the solution.
[0039] According to a fifth aspect of the present inven-
tion, a reference frame decoding apparatus is disclosed,
including:

a first obtaining module, configured to obtain a first
reference frame, where the first reference frame is
a first picture frame on which decoding reconstruc-
tion has been performed or a first interpolated picture
frame obtained by means of pixel interpolation on
the first picture frame;
a parsing module, configured to parse a bitstream
to obtain mapping parameters;
a second obtaining module, configured to determine
to-be-determined coefficients of a preset mapping
function according to the mapping parameters;
a third obtaining module, configured to obtain, in the
first reference frame according to the mapping func-
tion whose to-be-determined coefficients have been
determined, a first pixel unit having a mapping rela-
tionship with a second pixel unit of a second refer-
ence frame; and
an assignment module, configured to assign a pixel
value of the first pixel unit to the second pixel unit.

[0040] According to a sixth aspect of the present in-
vention, another reference frame decoding apparatus is
disclosed, including:
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a first parsing module, configured to parse a bit-
stream to obtain indication information;
a selection module, configured to: when the indica-
tion information indicates not to construct, based on
a picture frame on which decoding reconstruction
has been performed, another reference frame, use
the picture frame on which decoding reconstruction
has been performed as the reference frame; other-
wise, use the following method to obtain the refer-
ence frame;
a first obtaining module, configured to obtain a first
reference frame, where the first reference frame is
the picture frame on which decoding reconstruction
has been performed or an interpolated picture frame
obtained by means of pixel interpolation on the pic-
ture frame;
a second parsing module, configured to parse the
bitstream to obtain mapping parameters;
a second obtaining module, configured to determine
to-be-determined coefficients of a preset mapping
function according to the mapping parameters;
a third obtaining module, configured to obtain, in the
first reference frame according to the mapping func-
tion whose to-be-determined coefficients have been
determined, a first pixel unit having a mapping rela-
tionship with a second pixel unit of a second refer-
ence frame; and
an assignment module, configured to assign a pixel
value of the first pixel unit to the second pixel unit.

[0041] According to a seventh aspect of the present
invention, a reference frame encoding apparatus is dis-
closed, including:

a first obtaining module, configured to obtain a to-
be-encoded picture frame and a candidate reference
frame of a picture frame on which encoding recon-
struction has been performed and that corresponds
to the to-be-encoded picture frame;
a second obtaining module, configured to separately
extract a set of a first feature point of the to-be-en-
coded picture frame and a set of a second feature
point of the candidate reference frame;
a third obtaining module, configured to obtain map-
ping parameters according to the set of the first fea-
ture point, the set of the second feature point, and a
preset mapping function, where the mapping param-
eters indicate a mapping relationship between the
first feature point and the second feature point under
constraint of the mapping function;
an encoding module, configured to encode the map-
ping parameters into a bitstream;
a fourth obtaining module, configured to obtain a first
reference frame, where the first reference frame is
a first picture frame on which encoding reconstruc-
tion has been performed or a first interpolated picture
frame obtained by means of pixel interpolation on
the first picture frame;

a fifth obtaining module, configured to determine to-
be-determined coefficients of the mapping function
according to the mapping parameters;
a sixth obtaining module, configured to obtain, in the
first reference frame according to the mapping func-
tion whose to-be-determined coefficients have been
determined, a first pixel unit having the mapping re-
lationship with a second pixel unit of a second refer-
ence frame; and
an assignment module, configured to assign a pixel
value of the first pixel unit to the second pixel unit.

[0042] According to an eighth aspect of the present
invention, another reference frame encoding apparatus
is disclosed, including:

a first obtaining module, configured to obtain a to-
be-encoded picture frame and a candidate reference
frame of a picture frame on which encoding recon-
struction has been performed and that corresponds
to the to-be-encoded picture frame;
a second obtaining module, configured to separately
extract a set of a first feature point of the to-be-en-
coded picture frame and a set of a second feature
point of the candidate reference frame;
a third obtaining module, configured to obtain map-
ping parameters according to the set of the first fea-
ture point, the set of the second feature point, and a
preset mapping function, where the mapping param-
eters indicate a mapping relationship between the
first feature point and the second feature point under
constraint of the mapping function;
a first encoding module, configured to encode the
mapping parameters into a bitstream;
a fourth obtaining module, configured to obtain a first
reference frame, where the first reference frame is
a first picture frame on which encoding reconstruc-
tion has been performed or a first interpolated picture
frame obtained by means of pixel interpolation on
the first picture frame;
a fifth obtaining module, configured to determine to-
be-determined coefficients of the mapping function
according to the mapping parameters;
a sixth obtaining module, configured to obtain, in the
first reference frame according to the mapping func-
tion whose to-be-determined coefficients have been
determined, a first pixel unit having the mapping re-
lationship with a second pixel unit of a second refer-
ence frame;
an assignment module, configured to assign a pixel
value of the first pixel unit to the second pixel unit;
a first calculation module, configured to calculate first
encoding performance of the second reference
frame as the reference frame;
a second calculation module, configured to calculate
second encoding performance of the encoded pic-
ture frame as the reference frame;
a second encoding module, configured to encode
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comparison information of the first encoding per-
formance and the second encoding performance in-
to the bitstream; and
a comparison module, configured to: when the com-
parison information indicates that the first encoding
performance is superior to the second encoding per-
formance, use the second reference frame as the
reference frame;
otherwise, use the picture frame on which encoding
reconstruction has been performed as the reference
frame.

[0043] According to a ninth aspect of the present in-
vention, a device configured to decode a reference frame
is disclosed. The device includes a processor configured
to perform the following operation: the operation is an
operation method described in the first aspect.
[0044] According to a tenth aspect of the present in-
vention, another device configured to decode a reference
frame is disclosed. The device includes a processor con-
figured to perform the following operation: the operation
is an operation method described in the second aspect.
[0045] According to an eleventh aspect of the present
invention, a device configured to encode a reference
frame is disclosed. The device includes a processor con-
figured to perform the following operation: the operation
is an operation method described in the third aspect.
[0046] According to a twelfth aspect of the present in-
vention, another device configured to encode a reference
frame is disclosed. The device includes a processor con-
figured to perform the following operation: the operation
is an operation method described in the fourth aspect.
[0047] According to a thirteenth aspect of the present
invention, a computer readable storage medium storing
an instruction is disclosed. The instruction, when being
executed, causes one or more processors of a device
configured to decode a reference frame, to perform the
following operation: the operation is an operation method
described in the first aspect.
[0048] According to a fourteenth aspect of the present
invention, another computer readable storage medium
storing an instruction is disclosed. The instruction, when
being executed, causes one or more processors of a de-
vice configured to decode a reference frame, to perform
the following operation: the operation is an operation
method described in the second aspect.
[0049] According to a fifteenth aspect of the present
invention, a computer readable storage medium storing
an instruction is disclosed. The instruction, when being
executed, causes one or more processors of a device
configured to encode a reference frame, to perform the
following operation: the operation is an operation method
described in the third aspect.
[0050] According to a sixteenth aspect of the present
invention, another computer readable storage medium
storing an instruction is disclosed. The instruction, when
being executed, causes one or more processors of a de-
vice configured to encode a reference frame, to perform

the following operation: the operation is an operation
method described in the fourth aspect.
[0051] In conclusion, in the present invention, only a
small quantity of mapping parameters is transmitted at a
frame level, and selectivity of reference frames is en-
riched, so that a reference frame is closer to an actual
frame, and prediction performed by using the reference
frame is more accurate, thereby improving encoding ef-
ficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0052] To describe the technical solutions in the em-
bodiments of the present invention more clearly, the fol-
lowing briefly describes the accompanying drawings re-
quired for describing the embodiments or the prior art.
Apparently, 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 block diagram of a video coding
system according to an embodiment of the present
invention;
FIG. 2 is a schematic block diagram of a video en-
coder according to an embodiment of the present
invention;
FIG. 3 is a schematic block diagram of a video de-
coder according to an embodiment of the present
invention;
FIG. 4 is a schematic flowchart of a reference frame
decoding method according to an embodiment of the
present invention;
FIG. 5 is a schematic diagram of interleaved arrange-
ment of original reference frames and transform ref-
erence frames in a reference frame list;
FIG. 6 is a schematic flowchart of another reference
frame decoding method according to an embodi-
ment of the present invention;
FIG. 7 is a schematic flowchart of a reference frame
encoding method according to an embodiment of the
present invention;
FIG. 8 is a diagram of an example of generation of
a difference of Gaussian pyramid;
FIG. 9 is a diagram of an example of detection of an
extremum point in a DOG space;
FIG. 10 is a schematic flowchart of another reference
frame encoding method according to an embodi-
ment of the present invention;
FIG. 11 is a schematic block diagram of a reference
frame decoding apparatus according to an embodi-
ment of the present invention;
FIG. 12 is a schematic block diagram of another ref-
erence frame decoding apparatus according to an
embodiment of the present invention;
FIG. 13 is a schematic block diagram of a reference
frame encoding apparatus according to an embodi-
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ment of the present invention; and
FIG. 14 is a schematic block diagram of another ref-
erence frame encoding apparatus according to an
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0053] 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 some but not all of the
embodiments of the present invention. All other embod-
iments obtained by a person of ordinary skill in the art
based on the embodiments of the present invention with-
out creative efforts shall fall within the protection scope
of the present invention.
[0054] FIG. 1 is a schematic block diagram of a video
coding system 10 according to an embodiment of the
present invention. As shown in FIG. 1, the video coding
system 10 includes a source apparatus 12 and a desti-
nation apparatus 14. The source apparatus 12 generates
encoded video data. Therefore, the source apparatus 12
may be referred to as a video encoding apparatus or a
video encoding device. The destination apparatus 14
may decode the encoded video data generated by the
source apparatus 12. Therefore, the destination appara-
tus 14 may be referred to as a video decoding apparatus
or a video decoding device. The source apparatus 12
and the destination apparatus 14 may be examples of a
video coding apparatus or a video coding device. The
source apparatus 12 and the destination apparatus 14
may include a wide range of apparatuses, including a
desktop computer, a mobile computing apparatus, a
notebook (for example, laptop) computer, a tablet com-
puter, a set-top box, a handset such as a smart phone,
a television, a camera, a display apparatus, a digital me-
dia player, a video game console, a vehicle-mounted
computer, or other similar apparatuses.
[0055] The destination apparatus 14 may receive, by
using a channel 16, the encoded video data from the
source apparatus 12. The channel 16 may include one
or more media and/or apparatuses that can move the
encoded video data from the source apparatus 12 to the
destination apparatus 14. In an example, the channel 16
may include one or more communications media that en-
able the source apparatus 12 to directly transmit the en-
coded video data to the destination apparatus 14 in real
time. In the example, the source apparatus 12 may mod-
ulate the encoded video data according to a communi-
cation standard (for example, a wireless communication
protocol), and may transmit modulated video data to the
destination apparatus 14. The one or more communica-
tions media may include a wireless communications me-
dium and/or a wired communications medium, for exam-
ple, a radio frequency (RF) spectrum or one or more
physical transmission lines. The one or more communi-
cations media may form a part of a packet-based network

(for example, a local area network, a wide area network,
or a global network (for example, Internet)). The one or
more communications media may include a router, a
switch, a base station, or another device facilitating com-
munication from the source apparatus 12 to the destina-
tion apparatus 14.
[0056] In another example, the channel 16 may include
a storage medium storing the encoded video data gen-
erated by the source apparatus 12. In the example, the
destination apparatus 14 may access the storage medi-
um by means of disk access or card access. The storage
medium may include multiple types of local access-type
data storage media such as a Blu-ray disc, a DVD, a CD-
ROM, or a flash memory, or another suitable digital stor-
age medium configured to store the encoded video data.
[0057] In another example, the channel 16 may include
a file server or another intermediate storage apparatus
storing the encoded video data generated by the source
apparatus 12. In the example, the destination apparatus
14 may access, by means of streaming transmission or
downloading, the encoded video data stored in the file
server or the another intermediate storage apparatus.
The file server may be of a server type that can store the
encoded video data and transmit the encoded video data
to the destination apparatus 14. An example of the file
server includes a web server (for example, used for a
website), a File Transfer Protocol (FTP) server, a net-
work-attached storage (NAS) apparatus, and a local disk
drive.
[0058] The destination apparatus 14 may access the
encoded video data by means of a standard data con-
nection (for example, an Internet connection). An exam-
ple type of the data connection includes a radio channel
(for example, a WiFi connection) that is suitable for ac-
cessing the encoded video data stored in the file server,
a wired connection (for example, a DSL or a cable mo-
dem), or a combination of the radio channel and the wired
connection. Transmission of the encoded video data from
the file server may be streaming transmission, download-
ing transmission, or a combination of the streaming trans-
mission and the downloading transmission.
[0059] A technology of the present invention is not lim-
ited to a wireless application scenario. For example, the
technology may be applied to video coding supporting
multiple multimedia applications such as the following
applications: over-the-air television broadcasting, cable
television transmission, satellite television transmission,
streaming-transmission video transmission (for exam-
ple, by means of the Internet), encoding of video data
stored in a data storage medium, decoding of video data
stored in a data storage medium, or another application.
In some examples, the video coding system 10 may be
configured to support unidirectional or bidirectional video
transmission, so as to support applications such as video
streaming transmission, video playing, video broadcast-
ing, and/or videotelephony.
[0060] In the example in FIG. 1, the source apparatus
12 includes a video source 18, a video encoder 20, and
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an output interface 22. In some examples, the output
interface 22 may include a modulator/demodulator (mo-
dem) and/or a transmitter. The video source 18 may in-
clude a video capture apparatus (for example, a video
camera), a video archive including pre-captured video
data, a video input interface configured to receive video
data from a video content provider, and/or a computer
graphics system configured to generate video data, or a
combination of the foregoing video data sources.
[0061] The video encoder 20 may encode video data
from the video source 18. In some examples, the source
apparatus 12 directly transmits encoded video data to
the destination apparatus 14 by using the output interface
22. The encoded video data may further be stored in a
storage medium or a file server, so that the destination
apparatus 14 accesses the encoded video data later for
decoding and/or playing.
[0062] In the example in FIG. 1, the destination appa-
ratus 14 includes an input interface 28, a video decoder
30, and a display apparatus 32. In some examples, the
input interface 28 includes a receiver and/or a modem.
The input interface 28 may receive the encoded video
data by using the channel 16. The display apparatus 32
may be integrated with the destination apparatus 14 or
may be outside the destination apparatus 14. Usually,
the display apparatus 32 displays decoded video data.
The display apparatus 32 may include multiple types of
display apparatuses such as a liquid crystal display
(LCD), a plasma display, an organic light-emitting diode
(OLED) display, or a display apparatus of another type.
[0063] The video encoder 20 and the video decoder
30 may perform operations according to a video com-
pression standard (for example, a high efficiency video
coding H.265 standard), and may comply with an HEVC
test model (HM). Text description ITU-T H.265(V3)
(04/2015) of the H.265 standard was released on April
29, 2015, and may be downloaded from http://han-
dle.itu.int/11.1002/1000/12455. The file is incorporated
in this specification by reference in its entirety.
[0064] Alternatively, the video encoder 20 and the vid-
eo decoder 30 may perform operations according to an-
other dedicated or industrial standard. The standard in-
cludes ITU-T H.261, ISO/IEC MPEG-1 Visual, ITU-T
H.262 or ISO/IEC MPEG-2 Visual, ITU-T H.263, ISO/IEC
MPEG-4 Visual, or ITU-T H.264 (which is also referred
to as ISO/IEC MPEG-4 AVC), and includes Scalable Vid-
eo Coding (SVC) and Multiview Video Coding (MVC) ex-
tensions. It should be understood that the technology of
the present invention is not limited to any particular en-
coding and decoding standard or technology.
[0065] In addition, FIG. 1 is merely an example and
the technology of the present invention may be applied
to a video coding application that does not necessarily
include any data communication between an encoding
apparatus and a decoding apparatus (for example, one-
sided video encoding or video decoding). In another ex-
ample, a local memory is searched for data, the data is
transmitted by means of streaming transmission in a net-

work, or the data is operated in a similar manner. The
encoding apparatus may encode data and store the data
in a memory, and/or the decoding apparatus may search
the memory for the data and decode the data. In many
examples, encoding and decoding are performed by mul-
tiple apparatuses that do not communicate with each oth-
er and only encode data into a memory and/or search
the memory for the data and decode the data.
[0066] The video encoder 20 and the video decoder
30 may be separately implemented as any possible im-
plementation, for example, one or more microproces-
sors, a digital signal processor (DSP), an application-
specific integrated circuit (ASIC), a field programmable
gate array (FPGA), discrete logic, hardware, or any com-
bination thereof, in multiple suitable circuits. If the tech-
nology is partially or completely implemented by using
software, the apparatus may store an instruction of the
software in a suitable non-transitory computer readable
storage medium, and may use one or more processors
to execute an instruction in hardware, so as to perform
the technology of the present invention. Any one (includ-
ing hardware, software, a combination of hardware and
software, and the like) of the foregoing may be consid-
ered as the one or more processors. Each of the video
encoder 20 and the video decoder 30 may be included
in one or more encoders or decoders. Any one of the
video encoder 20 or the video decoder 30 may be inte-
grated as a part of a combined encoder/decoder (codec
(CODEC)) in another apparatus.
[0067] The present invention may mean, in general,
that information is "transmitted by using a signal" by the
video encoder 20 to another apparatus (for example, the
video decoder 30). The term "transmitted by using a sig-
nal" may refer to, in general, a syntactic element and/or
indicate conveyance of encoded video data. The con-
veyance may occur in real time or approximately in real
time. Alternatively, such communication may occur in a
time span, for example, may occur when a syntactic el-
ement is stored in a computer readable storage medium
by using binary data obtained by means of encoding dur-
ing encoding. After being stored in the medium, the syn-
tactic element may be searched for by the decoding ap-
paratus at any time.
[0068] The video encoder 20 encodes video data. The
video data may include one or more pictures. The video
encoder 20 may generate a bitstream. The bitstream in-
cludes, in a form of a bit stream, encoding information of
the video data. The encoding information may include
encoded picture data and associated data. The associ-
ated data may include a sequence parameter set (SPS),
a picture parameter set (PPS), and another syntactic
structure. The SPS may include a parameter applied to
zero or multiple sequences. The PPS may include a pa-
rameter applied to zero or multiple pictures. The syntactic
structure refers to a set of zero or multiple syntactic ele-
ments arranged in the bitstream in a specified sequence.
[0069] To generate encoding information of a picture,
the video encoder 20 may partition the picture into rasters
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of code tree blocks (CTBs). In some examples, the CTB
may be referred to as a "tree block", a "largest code unit"
(LCU), or a "coding tree unit". The CTB is not limited to
a particular size and may include one or more code units
(CUs). Each CTB may be associated with a pixel block
that is in the picture and that has an equal size. Each
pixel may correspond to a luminance (luminance or luma)
sample and two chrominance (chrominance or chroma)
samples. Therefore, each CTB may be associated with
one luminance sample block and two chrominance sam-
ple blocks. The CTBs of the picture may be divided into
one or more slices. In some examples, each slice in-
cludes an integral quantity of CTBs. As a part of picture
encoding, the video encoder 20 may generate encoding
information of each slice of the picture, that is, encode a
CTB in the slice. To encode the CTB, the video encoder
20 may recursively perform quadtree partitioning on a
pixel block associated with the CTB, so as to partition
the pixel block into descending pixel blocks. The relative-
ly small pixel block may be associated with a CU.
[0070] The video encoder 20 may generate one or
more prediction units (PUs) of each CU that is no longer
partitioned. PUs of the CU may be associated with dif-
ferent pixel blocks in a pixel block of the CU. The video
encoder 20 may generate a predictive pixel block for each
PU of the CU. The video encoder 20 may generate the
predictive pixel block of the PU by means of intra-frame
prediction or inter-frame prediction. If the video encoder
20 generates the predictive pixel block of the PU by
means of intra-frame prediction, the video encoder 20
may generate, based on a decoded pixel of a picture
associated with the PU, the predictive pixel block of the
PU. If the video encoder 20 generates the predictive pixel
block of the PU by means of inter-frame prediction, the
video encoder 20 may generate, based on a decoded
pixel of one or more pictures different from a picture as-
sociated with the PU, the predictive pixel block of the PU.
The video encoder 20 may generate, based on the pre-
dictive pixel block of the PU of the CU, a residual pixel
block of the CU. The residual pixel block of the CU may
indicate a difference between a sample value in the pre-
dictive pixel block of the PU of the CU and a correspond-
ing sample value in an initial pixel block of the CU.
[0071] The video encoder 20 may perform recursive
quadtree partitioning on the residual pixel block of the
CU, to partition the residual pixel block of the CU into one
or more smaller residual pixel blocks associated with a
transform unit (TU) of the CU. Pixels in a pixel block as-
sociated with the TU separately correspond to one lumi-
nance sample and two chrominance samples. Therefore,
each TU may be associated with one luminance residual
sample block and two chrominance residual sample
blocks. The video encoder 20 may apply one or more
transforms to a residual sample block associated with
the TU to generate a coefficient block (that is, a block of
a coefficient). The transform may be a DCT transform or
a variant of the DCT transform. A two-dimensional trans-
form is calculated by using a DCT transform matrix and

by applying a one-dimensional transform in horizontal
and vertical directions, to obtain the coefficient block. The
video encoder 20 may perform a quantization procedure
on each coefficient in the coefficient block. Quantization
usually refers to a process in which a coefficient is quan-
tized to reduce a data volume used to indicate the coef-
ficient, so as to provide further compression.
[0072] The video encoder 20 may generate a set of
syntactic elements indicating the coefficient in the coef-
ficient block after the quantization. The video encoder 20
may apply an entropy encoding operation (for example,
a context-adaptive binary arithmetic coding (CABAC) op-
eration) to some or all of the foregoing syntactic elements.
To apply CABAC encoding to the syntactic element, the
video encoder 20 may binarize the syntactic element to
form a binary sequence including one or more bits (which
are referred to as "binary bits"). The video encoder 20
may encode some of the binary bits by means of regular
(regular) encoding, and may encode remaining binary
bits by means of bypass (bypass) encoding.
[0073] In addition to performing entropy encoding on
the syntactic element of the coefficient block, the video
encoder 20 may apply inverse quantization and an in-
verse transform to a transformed coefficient block, so as
to reconstruct the residual sample block by using the
transformed coefficient block. The video encoder 20 may
add the reconstructed residual sample block to a sample
block corresponding to one or more predictive sample
blocks, to generate a reconstructed sample block. By re-
constructing a sample block of each color component,
the video encoder 20 may reconstruct the pixel block
associated with the TU. A pixel block of each TU of the
CU is reconstructed in such a manner until an entire pixel
block of the CU is reconstructed.
[0074] After reconstructing the pixel block of the CU,
the video encoder 20 may perform a deblocking filtering
operation, to reduce a blocking effect of the pixel block
associated with the CU. After performing the deblocking
filtering operation, the video encoder 20 may use a sam-
ple adaptive offset (SAO) to modify a reconstructed pixel
block of the CTB of the picture. After performing such
operations, the video encoder 20 may store the recon-
structed pixel block of the CU in a decoded picture buffer
for generating a predictive pixel block of another CU.
[0075] The video decoder 30 may receive the bit-
stream. The bitstream includes, in the form of a bit
stream, the encoding information of the video data en-
coded by the video encoder 20. The video decoder 30
may parse the bitstream so as to extract the syntactic
element from the bitstream. When performing CABAC
decoding, the video decoder 30 may perform regular de-
coding on some binary bits and may perform bypass de-
coding on remaining binary bits. Binary bits in the bit-
stream have a mapping relationship with the syntactic
element, and the syntactic element is obtained by parsing
the binary bits.
[0076] The video decoder 30 may reconstruct, based
on the syntactic element extracted from the bitstream,
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the picture of the video data. A process of reconstructing,
based on the syntactic element, the video data is inverse,
in general, to a process performed by the video encoder
20 to generate the syntactic element. For example, the
video decoder 30 may generate, based on a syntactic
element associated with a CU, a predictive pixel block of
a PU of the CU. In addition, the video decoder 30 may
perform inverse quantization on a coefficient block asso-
ciated with a TU of the CU. The video decoder 30 may
perform an inverse transform on the coefficient on which
the inverse quantization has been performed, to recon-
struct a residual pixel block associated with the TU of the
CU. The video decoder 30 may reconstruct, based on
the predictive pixel block and the residual pixel block, a
pixel block of the CU.
[0077] After reconstructing the pixel block of the CU,
the video decoder 30 may perform a deblocking filtering
operation, to reduce a blocking effect of the pixel block
associated with the CU. In addition, the video decoder
30 may perform, based on one or more SAO syntactic
elements, a same SAO operation as that of the video
encoder 20. After performing such operations, the video
decoder 30 may store the pixel block of the CU in the
decoded picture buffer. The decoded picture buffer may
provide a reference picture used for subsequent motion
compensation, intra-frame prediction, and presentation
by the display apparatus.
[0078] FIG. 2 is a block diagram illustrating an example
of a video encoder 20 configured to implement a tech-
nology of the present invention. It should be understood
that FIG. 2 is an example and should not be considered
as a limitation to a technology such as the technology
that is widely exemplified and described in the present
invention. As shown in FIG. 2, the video encoder 20 in-
cludes a prediction processing unit 100, a residual gen-
eration unit 102, a transform processing unit 104, a quan-
tization unit 106, an inverse quantization unit 108, an
inverse transform processing unit 110, a reconstruction
unit 112, a filter unit 113, a decoded picture buffer 114,
and an entropy encoding unit 116. The entropy encoding
unit 116 includes a regular CABAC coding engine 118
and a bypass coding engine 120. The prediction process-
ing unit 100 includes an inter-frame prediction processing
unit 121 and an intra-frame prediction processing unit
126. The inter-frame prediction processing unit 121 in-
cludes a motion estimation unit 122 and a motion com-
pensation unit 124. In another example, the video encod-
er 20 may include more, fewer, or different functional
components.
[0079] The video encoder 20 receives video data. To
encode the video data, the video encoder 20 may encode
each slice of each picture of the video data. As a part of
slice encoding, the video encoder 20 may encode each
CTB in the slice. As a part of CTB encoding, the prediction
processing unit 100 may perform quadtree partitioning
on a pixel block associated with the CTB, so as to partition
the pixel block into descending pixel blocks. For example,
the prediction processing unit 100 may partition the pixel

block of the CTB into four sub-blocks having an equal
size, partition one or more of the sub-blocks into four sub-
sub-blocks having an equal size, and the like.
[0080] The video encoder 20 may encode a CU of a
CTB in a picture to generate encoding information of the
CU. The video encoder 20 may encode CUs of the CTB
in a zigzag scanning sequence. That is, the video encod-
er 20 may encode the CUs in a sequence of an upper
left CU, an upper right CU, a lower left CU, and then a
lower right CU. When encoding a partitioned CU, the vid-
eo encoder 20 may encode, in the zigzag scanning se-
quence, CUs associated with sub-blocks of a pixel block
of the partitioned CU.
[0081] In addition, the prediction processing unit 100
may partition a pixel block of the CU in one or more PUs
of the CU. The video encoder 20 and the video decoder
30 may support various PU sizes. Assuming that a par-
ticular CU has a size of 2N*2N, the video encoder 20 and
the video decoder 30 may support a PU size of 2N*2N
or N*N for intra-frame prediction, and support a symmet-
ric PU having a size of 2N*2N, 2N*N, N*2N, N*N, or a
similar size for inter-frame prediction. The video encoder
20 and the video decoder 30 may further support an
asymmetric PU having a size of 2N*nU, 2N*nD, nL*2N,
or nR*2N for inter-frame prediction.
[0082] The inter-frame prediction processing unit 121
may perform inter-frame prediction on each PU of the
CU to generate prediction data of the PU. The prediction
data of the PU may include a predictive pixel block cor-
responding to the PU and motion information of the PU.
The slice may be a slice I, a slice P, or a slice B. The
inter-frame prediction unit 121 may perform different op-
erations on the PU of the CU according to whether the
PU is in the slice I, the slice P, or the slice B. In the slice
I, intra-frame prediction is performed on all PUs.
[0083] If the PU is in the slice P, the motion estimation
unit 122 may search a reference picture in a reference
picture list (for example, a "list 0") for a reference block
of the PU. The reference block of the PU may be a pixel
block that most closely corresponds to a pixel block of
the PU. The motion estimation unit 122 may generate a
reference picture index indicating a reference picture that
is in the list 0 and that includes the reference block of the
PU and a motion vector indicating a spatial displacement
between the pixel block of the PU and the reference
block. The motion estimation unit 122 may use the ref-
erence picture index and the motion vector as motion
information of the PU for output. The motion compensa-
tion unit 124 may generate, based on the reference block
indicated by the motion information of the PU, a predictive
pixel block of the PU.
[0084] If the PU is in the slice B, the motion estimation
unit 122 may perform unidirectional inter-frame predic-
tion or bidirectional inter-frame prediction on the PU. To
perform the unidirectional inter-frame prediction on the
PU, the motion estimation unit 122 may search a refer-
ence picture in a first reference picture list (a "list 0") or
a second reference picture list (a "list 1") for a reference
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block of the PU. The motion estimation unit 122 may use
the following as motion information of the PU for output:
a reference picture index indicating a location in the list
0 or list 1 that includes the reference picture of the refer-
ence block, a motion vector indicating a spatial displace-
ment between a pixel block of the PU and the reference
block, and a predictive direction indicator indicating
whether the reference picture is in the list 0 or the list 1.
To perform the bidirectional inter-frame prediction on the
PU, the motion estimation unit 122 may search a refer-
ence picture in the list 0 for a reference block of the PU,
and may further search a reference picture in the list 1
for another reference block of the PU. The motion esti-
mation unit 122 may generate reference picture indexes
indicating locations in the list 0 and the list 1 that include
the reference picture of the reference block. In addition,
the motion estimation unit 122 may generate a motion
vector indicating a spatial displacement between the ref-
erence block and a pixel block of the PU. The motion
information of the PU may include the reference picture
index and the motion vector of the PU. The motion com-
pensation unit 124 may generate, based on the reference
block indicated by the motion information of the PU, a
predictive pixel block of the PU.
[0085] The intra-frame prediction processing unit 126
may perform intra-frame prediction on the PU to generate
prediction data of the PU. The prediction data of the PU
may include a predictive pixel block of the PU and various
syntactic elements. The intra-frame prediction process-
ing unit 126 may perform intra-frame prediction on PUs
in the slice I, the slice P, and the slice B.
[0086] To perform the intra-frame prediction on the PU,
the intra-frame prediction processing unit 126 may gen-
erate multiple sets of prediction data of the PU by using
multiple intra-frame prediction modes. To generate the
set of the prediction data of the PU by using the intra-
frame prediction modes, the intra-frame prediction
processing unit 126 may expand a sample from a sample
block of a neighboring PU across a sample block of the
PU in a direction associated with the intra-frame predic-
tion modes. Assuming that a left-to-right and upper-to-
lower encoding sequence is used for the PU, the CU,
and the CTB, the neighboring PU may be above the PU,
on the upper right of the PU, on the upper left of the PU,
or on the left of the PU. The intra-frame prediction
processing unit 126 may use different quantities of intra-
frame prediction modes, for example, 33 directional intra-
frame prediction modes. In some examples, a quantity
of intra-frame prediction modes may depend on a size
of the pixel block of the PU.
[0087] The prediction processing unit 100 may select
prediction data of the PU of the CU from the prediction
data generated by the inter-frame prediction processing
unit 121 for the PU or the prediction data generated by
the intra-frame prediction processing unit 126 for the PU.
In some examples, the prediction processing unit 100
selects, based on rate/distortion measurement of the set
of the prediction data, the prediction data of the PU of

the CU. For example, a Lagrangian cost function is used
to select between an encoding mode and a parameter
value (for example, a motion vector, a reference index,
and an intra-frame prediction direction) of the encoding
mode. In such type of cost function, a weighting factor
lambda is used to connect an actual or estimated picture
distortion caused by a lossy encoding method to an actual
or estimated amount of information required for indicating
a pixel value in a picture region: C=D+lambda*R, where
C is a to-be-minimized Lagrangian cost, D is a picture
distortion (for example, a mean square error) having a
mode and a parameter of the mode, and R is a quantity
of bits (for example, including a data volume used to in-
dicate a candidate motion vector) that is required for pic-
ture block reconstruction in a decoder. Usually, an en-
coding mode having a lowest cost is selected as an actual
encoding mode. Selecting a predictive pixel block of pre-
diction data may be referred to as selecting a predictive
pixel block in this specification.
[0088] The residual generation unit 102 may generate,
based on the pixel block of the CU and a selected pre-
dictive pixel block of the PU of the CU, a residual pixel
block of the CU. For example, the residual generation
unit 102 may generate the residual pixel block of the CU,
so that each sample in the residual pixel block has a
value equal to a difference between the following two: a
sample in the pixel block of the CU, and a corresponding
sample in the selected predictive pixel block of the PU
of the CU.
[0089] The prediction processing unit 100 may perform
quadtree partitioning to partition the residual pixel block
of the CU into sub-blocks. Each residual pixel block that
is no longer divided may be associated with different TUs
of the CU. There is no necessary connection between a
size and a location of a residual pixel block associated
with a TU of the CU and a size and a location of the pixel
block based on the PU of the CU.
[0090] A pixel of the residual pixel block of the TU may
correspond to one luminance sample and two chromi-
nance samples. Therefore, each TU may be associated
with one luminance sample block and two chrominance
sample blocks. The transform processing unit 104 may
apply one or more transforms to a residual sample block
associated with the TU, to generate a coefficient block
of each TU of the CU. For example, the transform
processing unit 104 may apply a discrete cosine trans-
form (DCT), a directional transform, or a transform having
a similar concept to the residual sample block.
[0091] The quantization unit 106 may quantize a coef-
ficient in the coefficient block. For example, an n-bit co-
efficient may be truncated to an m-bit coefficient during
quantization, where n is greater than m. The quantization
unit 106 may quantize, based on a quantization param-
eter (QP) value associated with the CU, the coefficient
block associated with the TU of the CU. The video en-
coder 20 may adjust, by adjusting the QP value associ-
ated with the CU, a quantization degree applied to the
coefficient block associated with the CU.
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[0092] The inverse quantization unit 108 and the in-
verse transform processing unit 110 may respectively
apply inverse quantization and an inverse transform to a
transformed coefficient block, so as to reconstruct the
residual sample block by using the coefficient block. The
reconstruction unit 112 may add a sample of the recon-
structed residual sample block to a sample correspond-
ing to one or more predictive sample blocks generated
by the prediction processing unit 100, so as to generate
a reconstructed sample block associated with the TU.
The video encoder 20 may reconstruct the pixel block of
the CU by reconstructing a sample block of each TU of
the CU in such a manner.
[0093] The filter unit 113 may perform a deblocking
filtering operation, so as to reduce a blocking effect of
the pixel block associated with the CU. In addition, the
filter unit 113 may apply an SAO offset determined by
the prediction processing unit 100 to the reconstructed
sample block to recover the pixel block. The filter unit
113 may generate encoding information of an SAO syn-
tactic element of the CTB.
[0094] The decoded picture buffer 114 may store the
reconstructed pixel block. The inter-frame prediction unit
121 may perform inter-frame prediction on a PU of an-
other picture by using a reference picture including the
reconstructed pixel block. In addition, the intra-frame pre-
diction processing unit 126 may perform, by using the
reconstructed pixel block in the decoded picture buffer
114, intra-frame prediction on another PU in a same pic-
ture as that of the CU.
[0095] The entropy encoding unit 116 may receive data
from another functional component of the video encoder
20. For example, the entropy encoding unit 116 may re-
ceive the coefficient block from the quantization unit 106
and may receive the syntactic element from the predic-
tion processing unit 100. The entropy encoding unit 116
may perform one or more entropy encoding operations
on the data to generate data on which entropy encoding
has been performed. For example, the entropy encoding
unit 116 may perform a context-adaptive variable-length
coding (CAVLC) operation, a CABAC operation, a vari-
able to variable (V2V) length coding operation, a syntax-
based context-adaptive binary arithmetic coding (SBAC)
operation, a probability interval partitioning entropy
(PIPE) coding operation, or an entropy encoding opera-
tion of another type on the data. In a particular example,
the entropy encoding unit 116 may encode, by using the
regular CABAC engine 118, a binary bit on which regular
CABAC coding has been performed and that is of the
syntactic element, and may encode, by using the bypass
coding engine 120, a binary bit on which bypass coding
has been performed.
[0096] FIG. 3 is a block diagram illustrating an example
of a video decoder 30 configured to implement a tech-
nology of the present invention. It should be understood
that FIG. 3 is an example and should not be considered
as a limitation to a technology such as the technology
that is widely exemplified and described in the present

invention. As shown in FIG. 3, the video decoder 30 in-
cludes an entropy decoding unit 150, a prediction
processing unit 152, an inverse quantization unit 154, an
inverse transform processing unit 156, a reconstruction
unit 158, a filter unit 159, and a decoded picture buffer
160. The prediction processing unit 152 includes a mo-
tion compensation unit 162 and an intra-frame prediction
processing unit 164. The entropy decoding unit 150 in-
cludes a regular CABAC coding engine 166 and a bypass
coding engine 168. In another example, the video decod-
er 30 may include more, fewer, or different functional
components.
[0097] The video decoder 30 may receive a bitstream.
The entropy decoding unit 150 may parse the bitstream
so as to extract a syntactic element from the bitstream.
As a part of bitstream parsing, the entropy decoding unit
150 may parse the bitstream to obtain a syntactic element
on which entropy encoding has been performed. The pre-
diction processing unit 152, the inverse quantization unit
154, the inverse transform processing unit 156, the re-
construction unit 158, and the filter unit 159 may decode
video data according to the syntactic element extracted
from the bitstream, that is, generate decoded video data.
[0098] The syntactic element may include a binary bit
on which regular CABAC coding has been performed
and a binary bit on which bypass coding has been per-
formed. The entropy decoding unit 150 may decode, by
using the regular CABAC coding engine 166, the binary
bit on which the regular CABAC coding has been per-
formed, and may decode, by using the bypass coding
engine 168, the binary bit on which the bypass coding
has been performed.
[0099] In addition, the video decoder 30 may perform
a reconstruction operation on a CU that is no longer par-
titioned. To perform the reconstruction operation on the
CU that is no longer partitioned, the video decoder 30
may perform a reconstruction operation on each TU of
the CU. The video decoder 30 may reconstruct a residual
pixel block associated with the CU by performing the re-
construction operation on each TU of the CU.
[0100] As a part of performing the reconstruction op-
eration on the TU of the CU, the inverse quantization unit
154 may perform inverse quantization (that is, dequan-
tization) on a coefficient block associated with the TU.
The inverse quantization unit 154 may determine a quan-
tization degree by using a QP value associated with the
CU of the TU. This is the same as determining an inverse
quantization degree to be applied by the inverse quanti-
zation unit 154.
[0101] After the inverse quantization unit 154 performs
the inverse quantization on the coefficient block, the in-
verse transform processing unit 156 may apply one or
more inverse transforms to the coefficient block, so as
to generate a residual sample block associated with the
TU. For example, the inverse transform processing unit
156 may apply, to the coefficient block, an inverse DCT,
an inverse integer transform, an inverse Karhunen-Lo-
eve (Karhunen-Loeve) transform (KLT), an inverse rota-
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tion transform, an inverse directional transform, or an-
other inverse transform corresponding to a transform on
an encoder side.
[0102] If intra-frame prediction encoding is used for the
PU, the intra-frame prediction processing unit 164 may
perform intra-frame prediction to generate a predictive
sample block of the PU. The intra-frame prediction
processing unit 164 may generate, based on a pixel block
of a neighboring PU in a space, a predictive pixel block
of the PU by using an intra-frame prediction mode. The
intra-frame prediction processing unit 164 may deter-
mine the intra-frame prediction mode of the PU according
to one or more syntactic elements obtained by parsing
the bitstream.
[0103] The motion compensation unit 162 may con-
struct a first reference picture list (a list 0) and a second
reference picture list (a list 1) according to the syntactic
element obtained by parsing the bitstream. In addition,
if inter-frame prediction encoding is used for the PU, the
entropy decoding unit 150 may parse motion information
of the PU. The motion compensation unit 162 may de-
termine one or more reference blocks of the PU according
to the motion information of the PU. The motion compen-
sation unit 162 may generate the predictive pixel block
of the PU according to the one or more reference blocks
of the PU.
[0104] When being applicable, the reconstruction unit
158 may use a residual pixel block associated with the
TU of the CU and the predictive pixel block (that is, intra-
frame prediction data or inter-frame prediction data) of
the PU of the CU, so as to reconstruct a pixel block of
the CU. Particularly, the reconstruction unit 158 may add
a sample of the residual pixel block to a sample corre-
sponding to the predictive pixel block, so as to reconstruct
the pixel block of the CU.
[0105] The filter unit 159 may perform a deblocking
filtering operation, so as to reduce a blocking effect of
the pixel block associated with the CU of the CTB. In
addition, the filter unit 159 may modify a pixel value of
the CTB according to an SAO syntactic element obtained
by parsing the bitstream. For example, the filter unit 159
may determine a correction value according to the SAO
syntactic element of the CTB, and add the determined
correction value to a sample value in a reconstructed
pixel block of the CTB. The filter unit 159 may correct,
by modifying some or all pixel values of the CTB of a
picture, a reconstructed picture of the video data accord-
ing to the SAO syntactic element.
[0106] The video decoder 30 may store the pixel block
of the CU in the decoded picture buffer 160. The decoded
picture buffer 160 may provide a reference picture for
subsequent motion compensation, intra-frame predic-
tion, and presentation by a display apparatus (for exam-
ple, the display apparatus 32 in FIG. 1). For example,
the video decoder 30 may perform an intra-frame predic-
tion operation or an inter-frame prediction operation on
a PU of another CU according to the pixel block in the
decoded picture buffer 160.

[0107] This embodiment of the present invention dis-
closes a reference frame decoding method. Referring to
FIG. 3, it may be learned that the motion compensation
unit 162 may construct a first reference frame list and a
second reference frame list according to a syntactic el-
ement obtained by parsing a bitstream. If inter-frame pre-
diction encoding is used for a PU, the entropy decoding
unit 150 may parse motion information of the PU. The
motion compensation unit 162 may determine one or
more reference blocks of the PU according to the motion
information of the PU. The motion compensation unit 162
may generate a predictive pixel block of the PU according
to the one or more reference blocks of the PU.
[0108] FIG. 4 is a schematic flowchart of a reference
frame decoding method 1000 according to an embodi-
ment of the present invention. As shown in FIG. 4:

S1001: Obtain a first reference frame.
The first reference frame may be a current picture
frame on which decoding reconstruction has been
performed. A to-be-obtained second reference
frame needs to be obtained with reference to the first
reference frame. Therefore, optionally, to improve
accuracy of the second reference frame, pixel inter-
polation processing may be performed on the current
picture frame on which decoding reconstruction has
been performed, to obtain a picture on which pixel
interpolation has been performed as the first refer-
ence frame. There are many implementations of per-
forming pixel interpolation on a picture. In a feasible
implementation, a manner of single-frame picture
pixel interpolation is used, that is, interpolation filter-
ing is performed on a pixel unit of a current picture,
where the pixel unit may be referred to as an entire
pixel unit; in a location of a partial pixel unit of the
current picture, a pixel value of the partial pixel unit
is obtained by means of derivation. All of the entire
pixel unit and the partial pixel unit jointly form an in-
terpolated picture of the current picture. The docu-
ment Researchers on Optimal Interpolation Algo-
rithm for Digital Pictures (Chinese Space Science
and Technology Issue 03, 2005) is quoted herein in
its entirety and describes an existing picture interpo-
lation algorithm. It may be understood that methods
described in the document may all be examples. An
optional implementation of obtaining the first refer-
ence frame in step S1001 in this embodiment is not
limited.
S1002: Parse a bitstream to obtain mapping param-
eters.
In a feasible implementation:
A preset mapping function is set as x’ =
m0x+m1y+m2,y’ = m3x+m4y+m5. x, y are a horizontal
coordinate and a vertical coordinate of a source pixel
unit, x’, y’ are a horizontal coordinate and a vertical
coordinate of a target pixel unit having the mapping
relationship with the source pixel unit x, y, and
m0,m1,m2,m3,m4,m5 are to-be-determined coeffi-
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cients. Then, the entropy decoding unit 150 in FIG.
3 obtains specific values of six mapping parameters
by parsing the bitstream in a corresponding location.
The six mapping parameters correspond to the to-
be-determined coefficients m0,m1,m2,m1,m4,m5 of
the preset mapping function.
It should be understood that the preset mapping
function is obtained according to empirical or exper-
imental data and is solidified in a codec in a same
form (in some embodiments, the mapping function
may further be synchronously updated in the codec),
that is, an encoder does not need to send any indi-
cation information to a decoder, and the decoder
may learn the mapping function and use the mapping
function by using a same operation as that of the
encoder.
It should be understood that the mapping function in
the foregoing implementation is an example. Natural
motions have diversity. Therefore, there are multiple
mapping functions, for example, a four-parameter
mapping function or an eight-parameter mapping
function, for matching different motion models. This
is not limited.
It should be understood that the mapping parameters
in step S1002 need to be kept consistent with the to-
be-determined coefficients in the preset mapping
function, that is, the mapping parameters have a
same quantity and same physical meanings as those
of the to-be-determined coefficients.
It should be understood that such mapping param-
eters are transferred at a frame level, may be trans-
ferred in a picture parameter set (PPS, picture pa-
rameter set), may be transferred in a slice header
(slice header), or may be transferred as another
frame-level syntactic element. This is not limited.
S1003: Determine to-be-determined coefficients of
a preset mapping function according to the mapping
parameters.
That is, specific mapping parameters obtained by
means of parsing in step S1002 is substituted into
the mapping function according to a one-to-one cor-
respondence between the specific mapping param-
eters and the to-be-determined coefficients of the
preset mapping function, so as to obtain a mapping
function x’=m0x+m1y+m2,y’=m3x+m4y+m5 whose
independent variable is a coordinate location of a
source pixel and whose dependent variable is a co-
ordinate location of a target pixel, where x, y are a
horizontal coordinate and a vertical coordinate of a
source pixel unit, x’, y’ are a horizontal coordinate
and a vertical coordinate of a target pixel unit having
the mapping relationship with the source pixel unit
x, y, and m0,m1,m2,m3,m4,m5 are the mapping pa-
rameters.
S1004: Obtain, in the first reference frame according
to the mapping function whose to-be-determined co-
efficients have been determined, a first pixel unit hav-
ing a mapping relationship with a second pixel unit

of a second reference frame.
That is, for each pixel unit in the second reference
frame, there is a unique pixel unit that is in the first
reference frame and that is mapped to the pixel unit,
and a location of a mapped pixel unit in the first ref-
erence frame may be obtained by using the mapping
function in step S1004. Specifically, in the first ref-
erence frame, a location of the first pixel unit is
x’=m0x+m1y+m2,y’=m3x+m4y+m5, where x, y are a
horizontal coordinate and a vertical coordinate of the
second pixel unit, x’, y’ are a horizontal coordinate
and a vertical coordinate of the first pixel unit having
the mapping relationship with the second pixel unit.
S1005: Assign a pixel value of the first pixel unit to
the second pixel unit.

[0109] For each pixel unit in the second reference
frame, there is a pixel unit that is in the first reference
frame and that is in a one-to-one correspondence with
the pixel unit, and a location of the pixel unit in the first
reference frame may be obtained by using step S1004.
Therefore, a pixel value of the pixel unit in the location is
assigned to the corresponding pixel unit in the second
reference frame. When all pixel units in the second ref-
erence frame obtain an assigned value, the second ref-
erence frame is constructed.
[0110] It should be understood that there is no sequen-
tial connection between obtaining of the first reference
frame in step S1001 and obtaining of the mapping func-
tion in steps S1002 and S1003, and a sequence may be
adjusted, provided that obtaining of the mapping param-
eters in S1002 corresponds to a step of encoding the
mapping parameters on an encoder side.
[0111] A reference frame needs to be put into a refer-
ence frame list, so as to become a candidate reference
frame of a to-be-decoded picture frame. Prediction ac-
curacy can be improved only when the reference frame
is closer to actual picture content.
[0112] A multi-frame reference technology is used in
all of H.263, H.264/AVC, and HEVC, so as to improve
accuracy of inter-frame prediction. A picture on which
decoding has been performed is buffered in a decoded
and reconstructed picture buffer (DPB) to be used as a
reference picture for subsequent frames. Therefore, a
picture in the DPB needs to be managed by using a stand-
ard. Each picture in the DPB has three states: "Not used
as a reference", "Used as a short-term reference frame",
and "Used as a long-term reference frame". Switching
between the three states is controlled by using a decoded
picture tagging process. Two manners, that is, a sliding
window and an MMCO, are used in the H.264/AVC. In a
sliding window management manner, as the name im-
plies, a quantity of frames that can be stored in the DPB
is used as a window, and a newly decoded picture is
moved in and a decoded picture exceeding the window
is moved out in a first in first out manner during a decoding
operation on a currently decoded picture. Therefore, the
DPB stores multiple pictures that are recently decoded.
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For the MMCO, a control command is transmitted in a
bitstream, so as to complete state tagging of a picture in
the DPB. A frame with "Used as a short-term reference
frame" or "Used as a long-term reference frame" may be
tagged as "Not used as a reference" by using the MMCO.
Alternatively, a current frame or a frame "Used as a short-
term reference frame" may be tagged as a frame "Used
as a long-term reference frame" by using the MMCO,
and so on.
[0113] In a feasible implementation 1, the second ref-
erence frame generated in step S1005 and a picture
frame on which decoding reconstruction has been per-
formed are both added to a reference frame list. In addi-
tion, according to the sliding window management man-
ner, when a newly decoded picture is moved in, a decod-
ed picture exceeding the window is moved out in a first
in first out manner. Particularly, the second reference
frame and the picture frame on which decoding recon-
struction has been performed are in neighboring loca-
tions in the reference frame list. Particularly, in the refer-
ence frame list, a reference frame generated by using
the decoding method 1000 may be arranged, in an inter-
leaved manner, with the picture frame on which decoding
reconstruction has been performed. As shown in FIG. 5,
Rn indicates the picture frame on which decoding recon-
struction has been performed, where n=0, 1, 2, ..., and
Tn indicates the reference frame generated by using the
decoding method 1000, where n=0, 1,2,....
[0114] For example, the implementation 1 may be im-
plemented by the following modules:

an obtaining module, configured to obtain a refer-
ence frame list, where the reference frame list in-
cludes a candidate reference frame of a first picture
frame on which the decoding reconstruction has
been performed; and
a construction module, configured to add the first
picture frame on which decoding reconstruction has
been performed and the second reference frame to
the reference frame list, where a location of the first
picture frame on which decoding reconstruction has
been performed is adjacent to a location of the sec-
ond reference frame in the reference frame list.

[0115] In a feasible implementation 2, only the second
reference frame generated in step S1005 is added to a
reference frame list. Similarly, a decoded picture exceed-
ing the window is moved out.
[0116] For example, the implementation 2 may be im-
plemented by the following modules:

an obtaining module, configured to obtain a refer-
ence frame list, where the reference frame list in-
cludes a candidate reference frame of a first picture
frame on which decoding reconstruction has been
performed; and
a construction module, configured to add the second
reference frame to the reference frame list.

[0117] In a feasible implementation 3, multiple refer-
ence frames generated in step S1005 are constructed
based on multiple picture frames on which decoding re-
construction has been performed and according to the
decoding method 1000. In an embodiment, it may be
assumed that two reference frames, that is, the second
reference frame and a fourth reference frame, that are
generated in step S1005 are constructed based on two
picture frames, that is, the first reference frame and a
third reference frame, on which decoding reconstruction
has been performed and according to the decoding meth-
od 1000. The first reference frame is generated before
the third reference frame, and the second reference
frame and the fourth reference frame are constructed by
using a same preset mapping function and same map-
ping parameters. Usually, the mapping parameters need
to be obtained by means of parsing only once. The sec-
ond reference frame and the fourth reference frame are
weighted to obtain a fifth reference frame. A weighted
value may be set according to indicators such as different
picture quality, different predictive accuracy, and differ-
ent similarities with an actual sequence between the sec-
ond reference frame and the fourth reference frame or
between the first reference frame and the third reference
frame. This is not limited. For example, an average value
of pixel units corresponding to the second reference
frame and the fourth reference frame may be calculated.
The picture frame on which decoding reconstruction has
been performed or the fifth reference frame is added to
the reference frame list. Alternatively, the picture frame
on which decoding reconstruction has been performed
and the fifth reference frame may be both added to the
reference frame list. Similarly, a decoded picture exceed-
ing the window is moved out.
[0118] For example, the implementation 3 may be im-
plemented by the following modules:

a first obtaining module, configured to obtain a third
reference frame, where the third reference frame is
a second picture frame on which decoding recon-
struction has been performed or a second interpo-
lated picture frame obtained by means of pixel inter-
polation on the second picture frame;
a second obtaining module, configured to obtain, in
the third reference frame according to the mapping
function whose to-be-determined coefficients have
been determined, a third pixel unit having the map-
ping relationship with a fourth pixel unit of a fourth
reference frame;
an assignment module, configured to assign a pixel
value of the third pixel unit to the fourth pixel unit;
a third obtaining module, configured to obtain a ref-
erence frame list, where the reference frame list in-
cludes a candidate reference frame of the second
picture frame on which decoding reconstruction has
been performed;
a calculation module, configured to perform weight-
ed addition on a pixel unit of the second reference

33 34 



EP 3 334 153 A1

19

5

10

15

20

25

30

35

40

45

50

55

frame and a pixel unit in a same location in the fourth
reference frame, to obtain a fifth reference frame;
and
a construction module, configured to add the second
picture frame on which decoding reconstruction has
been performed or the fifth reference frame to the
reference frame list.

[0119] In a feasible implementation 4, a region in the
first reference frame is arbitrarily selected. For example,
the entire first reference frame may be selected, and then
the region is a matrix whose vertexes are four vertexes
of the first reference frame. Alternatively, a region of any
shape may be arbitrarily obtained in the first reference
frame. This is not limited. A region covered by the entire
first reference frame may be referred to as a first region.
Locations of four scatters that are in the second reference
frame and that correspond to the four vertexes of the first
region are calculated according to an inverse function of
the mapping function in step S1003. The four scatters
are connected according to a connection relationship of
the four vertexes of the first region, so as to encircle a
region in the second reference frame. The encircled re-
gion may be set as a second region. In a coordinate plane
location relationship, an overlapped part and a non-over-
lapped part exist in coverage of the first region and the
second region. The overlapped part is referred to as an
intersection of the first region and the second region. The
non-overlapped part in the coverage of the first region
and the second region and the intersection are referred
to as a union of the first region and the second region. A
ratio of an area of the intersection to an area of the union
is calculated. When the ratio is less than a preset value,
the second reference frame is added to the reference
frame list; otherwise, the picture frame on which decoding
reconstruction has been performed is added to the ref-
erence frame list. It should be understood that an objec-
tive of the solution is to determine a difference between
the picture frame on which decoding reconstruction has
been performed and the second reference frame. When
the difference is relatively small, the picture frame on
which decoding reconstruction has been performed is
added to the reference frame list. When the difference is
relatively large, the second reference frame is added to
the reference frame list. Similarly, a decoded picture ex-
ceeding the window is moved out. It should be under-
stood that the preset value may be a same value syn-
chronously set at two ends of a codec according to em-
pirical or experimental data. In some embodiments, the
preset value may be synchronously updated at the two
ends of the codec according to an actual case. For ex-
ample, the preset value may be 0.5 or another positive
value not greater than 1. This is not limited.
[0120] For example, the implementation 4 may be im-
plemented by the following modules:

a first obtaining module, configured to obtain a ref-
erence frame list, where the reference frame list in-

cludes a candidate reference frame of a first picture
frame on which decoding reconstruction has been
performed;
a second obtaining module, configured to obtain re-
gional vertexes of a preset first region in the first pic-
ture frame on which decoding reconstruction has
been performed;
a third obtaining module, configured to obtain, in the
second reference frame according to the mapping
function, scatters having the mapping relationship
with the regional vertexes of the first region;
a connection module, configured to connect, accord-
ing to a connection relationship between the regional
vertexes of the first region, the scatters that are in
the second reference frame and that have the map-
ping relationship with the regional vertexes of the
first region;
a construction module, configured to form a second
region by using a region encircled by the scatters by
means of the connection;
a calculation module, configured to calculate a ratio
of an intersection of areas of the first region and the
second region to a union of the areas of the first
region and the second region, where the intersection
includes an overlapped location region between the
first region and the second region, and the union
includes the intersection and a non-overlapped lo-
cation region between the first region and the second
region in ranges of the first region and the second
region; and
a comparison module, configured to: when the ratio
is less than a preset value, add the second reference
frame to the reference frame list; otherwise, add the
first picture frame on which decoding reconstruction
has been performed to the reference frame list.

[0121] In some embodiments, the picture frame on
which decoding reconstruction has been performed and
the second reference frame in the previous embodiment
are both added to the reference frame list. For a subse-
quent to-be-decoded frame, consistent with a plane lo-
cation of the intersection of the first region and the second
region in the previous embodiment, correspondingly, the
to-be-decoded frame includes a region in a correspond-
ing intersection and a region outside the corresponding
intersection. In an example of a first implementation, for
a pixel unit in the region of the to-be-decoded frame in
the corresponding intersection, refer to all picture frames
that are in the reference frame list and on which decoding
reconstruction has been performed, but not refer to the
second reference frame in the reference frame list. For
a pixel unit in the region of the to-be-decoded frame out-
side the corresponding intersection, refer to all the picture
frames that are in the reference frame list and on which
decoding reconstruction has been performed, or refer to
the second reference frame in the reference frame list.
In an example of a second implementation, for a pixel
unit in the region of the to-be-decoded frame in the cor-
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responding intersection, refer to all picture frames that
are in the reference frame list and on which decoding
reconstruction has been performed, but not refer to the
second reference frame in the reference frame list. For
a pixel unit in the region of the to-be-decoded frame out-
side the corresponding intersection, not refer to all the
picture frames that are in the reference frame list and on
which decoding reconstruction has been performed, but
refer to the second reference frame in the reference
frame list.
[0122] In the foregoing embodiment, only a small quan-
tity of mapping parameters is transmitted at a frame level,
and selectivity of reference frames is enriched, so that a
reference frame is closer to an actual frame, and predic-
tion performed by using the reference frame is more ac-
curate, thereby improving encoding efficiency.
[0123] FIG. 6 is a schematic flowchart of another ref-
erence frame decoding method 2000 according to an em-
bodiment of the present invention. As shown in FIG. 6:

S2001: Parse a bitstream to obtain indication infor-
mation.
The indication information herein is mainly used to
indicate whether the second reference frame gener-
ated in step S1005 needs to be generated according
to the decoding method 1000.
It should be understood that the indication informa-
tion is transferred at a frame level, may be transferred
in a picture parameter set (PPS, picture parameter
set), may be transferred in a slice header (slice head-
er), or may be transferred as another frame-level
syntactic element. This is not limited.
S2002: When the indication information indicates not
to construct, based on a picture frame on which de-
coding reconstruction has been performed, another
reference frame, use the picture frame on which de-
coding reconstruction has been performed as the
reference frame.
S2003: Otherwise, generate a second reference
frame according to steps from S1001 to S1005.

[0124] In addition, a reference frame list may be con-
structed according to the methods described in the fore-
going feasible implementations 1 to 4.
[0125] In some embodiments, alternatively, the indica-
tion information may further be transferred at a sequence
level, for example, in a sequence parameter set (SPS,
sequence parameter set), to indicate whether only the
picture frame on which decoding reconstruction has been
performed is used as a reference frame in an entire be-
longing sequence. Further, the indication information
may indicate information of each frame in the sequence
about reference frame construction. For example, indi-
cating a frame number four represents that a reference
frame generated according to the method described in
the first aspect and the embodiments of the present in-
vention is added to the reference frame list, and a number
of the reference frame is 4. Alternatively, for example,

indicating a binary sequence 011101 represents a case
of a construction manner of each frame that is in the
sequence and that is added to the reference frame list.
[0126] By using the indication information, it is known
in advance whether a reference frame generated by us-
ing the method provided in the first aspect of the present
invention needs to be generated, so as to reduce com-
plexity of the solution.
[0127] This embodiment of the present invention dis-
closes a reference frame encoding method. Referring to
FIG. 2, it may be learned that if a PU is in a slice P, the
motion estimation unit 122 may search a reference pic-
ture in a reference picture list (for example, a "list 0") for
a reference block of the PU. The reference block of the
PU may be a pixel block that most closely corresponds
to a pixel block of the PU. The motion estimation unit 122
may generate a reference picture index indicating a ref-
erence picture that is in the list 0 and that includes the
reference block of the PU and a motion vector indicating
a spatial displacement between the pixel block of the PU
and the reference block. The motion estimation unit 122
may use the reference picture index and the motion vec-
tor as motion information of the PU for output. The motion
compensation unit 124 may generate, based on the ref-
erence block indicated by the motion information of the
PU, a predictive pixel block of the PU.
[0128] FIG. 7 is a schematic flowchart of a reference
frame encoding method 3000 according to an embodi-
ment of the present invention. As shown in FIG. 7:

S3001: Obtain a to-be-encoded picture frame and a
candidate reference frame of a picture frame on
which encoding reconstruction has been performed
and that corresponds to the to-be-encoded picture
frame.
S3002: Separately extract a set of a first feature point
of the to-be-encoded picture frame and a set of a
second feature point of the candidate reference
frame.

[0129] In a feasible implementation:

First step: a SIFT (scale-invariant feature transform)
feature point of the current to-be-encoded frame is
extracted. A Gaussian pyramid of a picture is first
constructed by using a SIFT algorithm. Construction
of the Gaussian pyramid includes two parts: perform-
ing Gaussian blurring of different scales on the pic-
ture and performing point-interval downsampling on
the picture. Then, a difference between two neigh-
boring layers of Gaussian pictures is obtained to form
a difference of Gaussian (DOG, difference of Gaus-
sian) pyramid. The process is shown in FIG. 8. Next,
extrema detection is performed in a DOG space. To
find an extremum point of a DOG function, each pixel
unit is compared with all neighboring points of the
pixel unit. If the pixel unit is a maximum value point
or a minimum value point, it is preliminarily deter-
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mined that the pixel unit is a local feature point. As
shown in FIG. 9, a detected point in the middle is
compared with 26 points in total: eight neighboring
points in a same scale as that of the detected point
and 9*2 points corresponding to upper and lower
neighboring scales, so as to ensure that an extrem-
um point is detected in both a scale space and a two-
dimensional picture space. To improve matching
stability and an anti-noise capability, a low-contrast
key point and an unstable edge response point are
removed from a set of preliminarily determined fea-
ture points. For each remaining local feature point,
16 sub-blocks of a 4*4 size are formed by means of
division in a neighboring region of a 16*16 nearby
region of the local feature point. A gradient direction
histogram in eight directions is calculated for each
sub-block, and 16 histograms are spliced together
to form a feature vector of 128 dimensions.
Second step: A SIFT feature point of a reference
frame of the current to-be-encoded frame is extract-
ed by using the same foregoing method.
Third step: Matching is performed between the fea-
ture point of the currently encoded frame and the
feature point of the reference frame, to find several
feature point matching pairs. An abnormal point is
excluded by using a RANSAC (random sample con-
sensus) algorithm and according to location informa-
tion of the matching pairs. A group of transform pa-
rameters that meets a largest quantity of matching
pairs is found in a manner of random sampling and
by using the RANSAC algorithm, so as to effectively
remove an invalid matching pair.

[0130] It should be understood that extraction and
matching of a feature point may be performed by using
different methods. This is not limited herein.
[0131] S3003: Obtain mapping parameters according
to the set of the first feature point, the set of the second
feature point, and a preset mapping function, where the
mapping parameters indicate a mapping relationship be-
tween the first feature point and the second feature point
under constraint of the mapping function.
[0132] In a feasible implementation:

For a valid feature point matching pair obtained in
step S3002, each matching pair is formed by a point
belonging to the to-be-encoded picture frame, that
is, a point in the set of the first feature point, and a
point belonging to the candidate reference frame,
that is, a point in the set of the second feature point.
The first feature point may be used as a target pixel
unit, and the second feature point matching the first
feature point may be used as a source pixel unit. A
group of mapping parameters may be obtained ac-
cording to the method described in step S1003 and
under constraint of the corresponding mapping func-
tion.
S3004: Obtain a first reference frame.

A specific implementation is similar to that in step
S1001, and details are not described again.
S3005: Determine to-be-determined coefficients of
the mapping function according to the mapping pa-
rameters.
A specific implementation is similar to that in step
S1003, and details are not described again.
S3006: Obtain, in the first reference frame according
to the mapping function whose to-be-determined co-
efficients have been determined, a first pixel unit hav-
ing the mapping relationship with a second pixel unit
of a second reference frame.
A specific implementation is similar to that in step
S1004, and details are not described again.
S3007: Assign a pixel value of the first pixel unit to
the second pixel unit.

[0133] A specific implementation is similar to that in
step S1005, and details are not described again.
[0134] Optionally, the mapping parameters may be up-
dated based on an original to-be-encoded picture and
the second reference frame generated according to the
mapping parameters and steps S3004 to S3007.
[0135] In a feasible implementation:

It may be assumed that I’(x’, y’) and I(x, y) are re-
spectively a picture frame generated in step S3007
and an original picture frame currently to be encod-
ed. An objective is to minimize an error between the
picture frame and the original picture frame, that is,
set up a minimization error function:

and m0,m1,m2,m3,m4,m5,m6,m7 are the mapping pa-

rameters. Optimal mapping parameters are solved
by using a gradient descent method, including:
m(t+1)=m(t)+Δm, Δm=A-1b, where

 and

 An iterative calcu-

lation is continuously performed until an intensity dif-
ference E is less than a threshold or a specified quan-
tity of times of iterative calculations are performed.
After updated mapping parameters are obtained, the
second reference frame needs to be generated
again according to a process of steps from S3005 to
S3007.
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S3008: Encode the mapping parameters into a bit-
stream.

[0136] The mapping parameters obtained in step
S3007, including updated mapping parameters in some
embodiments, are all sent to the entropy encoding unit
116 shown in FIG. 2 to perform an entropy encoding proc-
ess, so as to be encoded into the bitstream.
[0137] It should be understood that such mapping pa-
rameters are transferred at a frame level, may be trans-
ferred in a picture parameter set (PPS, picture parameter
set), may be transferred in a slice header (slice header),
or may be transferred as another frame-level syntactic
element. This is not limited.
[0138] Corresponding to a decoder side, in various dif-
ferent feasible implementations of constructing a refer-
ence frame list, after an adaptive change, for example,
an operation on a picture on which decoding reconstruc-
tion has been performed is replaced with an operation
that is on a picture on which encoding reconstruction has
been performed and that has an equivalent physical
meaning on an encoder side, and parsing a bitstream to
obtain a syntactic element is correspondingly replaced
with encoding a syntactic element into a bitstream, the
feasible implementations 1 to 4 of constructing the ref-
erence frame list on the decoder side may also be applied
to the encoder side, and details are not described herein
again.
[0139] In the foregoing embodiment, only a small quan-
tity of mapping parameters is transmitted at a frame level,
and selectivity of reference frames is enriched, so that a
reference frame is closer to an actual frame, and predic-
tion performed by using the reference frame is more ac-
curate, thereby improving encoding efficiency.
[0140] FIG. 10 is a schematic flowchart of another ref-
erence frame encoding method 4000 according to an em-
bodiment of the present invention. As shown in FIG. 10:

S4001: Generate a second reference frame ob-
tained in step S3007 according to the encoding
method 3000.
S4002: Calculate first encoding performance of the
second reference frame as the reference frame.
S4003: Calculate second encoding performance of
the encoded picture frame as the reference frame.
It should be understood that the foregoing encoding
performance test is a process of encoding quality-
encoding cost (distortion-rate) selection. Compari-
son may be performed according to accurate encod-
ing quality and an accurate quantity of encoding bits
or may be performed in a simplified manner. For ex-
ample, only a quantity of encoding bits is tested. This
is not limited. The prediction processing unit 100 in
FIG. 2 specifically performs a function of encoding
performance calculation, and details are not de-
scribed herein.
S4004: Encode, into a bitstream, comparison infor-
mation indicating whether the first encoding perform-

ance or the second encoding performance is better.
The step corresponds to step S2001. If the first en-
coding performance is better, it means that the ref-
erence frame needs to be generated by using the
encoding method 3000; otherwise, it means that only
a picture on which encoding reconstruction has been
performed needs to be used as the reference frame.
S4005: When the comparison information indicates
that the first encoding performance is superior to the
second encoding performance, use the second ref-
erence frame as the reference frame; otherwise, use
the picture frame on which encoding reconstruction
has been performed as the reference frame.

[0141] Similarly, corresponding to a decoder side, in
various different feasible implementations of construct-
ing a reference frame list, after an adaptive change, for
example, an operation on a picture on which decoding
reconstruction has been performed is replaced with an
operation that is on a picture on which encoding recon-
struction has been performed and that has an equivalent
physical meaning on an encoder side, and parsing a bit-
stream to obtain a syntactic element is correspondingly
replaced with encoding a syntactic element into a bit-
stream, the feasible implementations 1 to 4 of construct-
ing the reference frame list on the decoder side may also
be applied to the encoder side, and details are not de-
scribed herein again.
[0142] By using indication information, it is known in
advance whether a reference frame generated by using
the method provided in the first aspect of the present
invention needs to be generated, so as to reduce com-
plexity of the solution.
[0143] FIG. 11 is a schematic block diagram of a ref-
erence frame decoding apparatus 100 according to an
embodiment of the present invention. As shown in FIG.
11:

A first obtaining module 101 is configured to obtain
a first reference frame, where the first reference
frame is a first picture frame on which decoding re-
construction has been performed or a first interpo-
lated picture frame obtained by means of pixel inter-
polation on the first picture frame.
A parsing module 102 is configured to parse a bit-
stream to obtain mapping parameters.
A second obtaining module 103 is configured to de-
termine to-be-determined coefficients of a preset
mapping function according to the mapping param-
eters.
A third obtaining module 104 is configured to obtain,
in the first reference frame according to the mapping
function whose to-be-determined coefficients have
been determined, a first pixel unit having a mapping
relationship with a second pixel unit of a second ref-
erence frame.
An assignment module 105 is configured to assign
a pixel value of the first pixel unit to the second pixel
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unit.

[0144] The decoding apparatus 100 corresponds to
the decoding method 1000. Specifically, the first obtain-
ing module 101, the parsing module 102, the second ob-
taining module 103, the third obtaining module 104, and
the assignment module 105 respectively perform oper-
ations in steps S1001, S1002, S1003, S1004, and
S1005, and details are not described again.
[0145] FIG. 12 is a schematic block diagram of another
reference frame decoding apparatus 200 according to
an embodiment of the present invention. As shown in
FIG. 12:

A first parsing module 201 is configured to parse a
bitstream to obtain indication information.
A selection module 202 is configured to: when the
indication information indicates not to construct,
based on a picture frame on which decoding recon-
struction has been performed, another reference
frame, use the picture frame on which decoding re-
construction has been performed as the reference
frame; otherwise, use the following method to obtain
the reference frame.
A first obtaining module 203 is configured to obtain
a first reference frame, where the first reference
frame is the picture frame on which decoding recon-
struction has been performed or an interpolated pic-
ture frame obtained by means of pixel interpolation
on the picture frame.
A second parsing module 204 is configured to parse
the bitstream to obtain mapping parameters.
A second obtaining module 205 is configured to de-
termine to-be-determined coefficients of a preset
mapping function according to the mapping param-
eters.
A third obtaining module 206 is configured to obtain,
in the first reference frame according to the mapping
function whose to-be-determined coefficients have
been determined, a first pixel unit having a mapping
relationship with a second pixel unit of a second ref-
erence frame.
An assignment module 207 is configured to assign
a pixel value of the first pixel unit to the second pixel
unit.

[0146] The decoding apparatus 200 corresponds to
the decoding method 2000. Specifically, the first parsing
module 201 performs step S2001. Specifically, the se-
lection module 202, the first obtaining module 203, the
second parsing module 204, the second obtaining mod-
ule 205, the third obtaining module 206, and the assign-
ment module 207 jointly perform the operations in steps
S2002 and S2003, and details are not described again.
[0147] FIG. 13 is a schematic block diagram of a ref-
erence frame encoding apparatus 300 according to an
embodiment of the present invention. As shown in FIG.
13:

A first obtaining module 301 is configured to obtain
a to-be-encoded picture frame and a candidate ref-
erence frame of a picture frame on which encoding
reconstruction has been performed and that corre-
sponds to the to-be-encoded picture frame.
A second obtaining module 302 is configured to sep-
arately extract a set of a first feature point of the to-
be-encoded picture frame and a set of a second fea-
ture point of the candidate reference frame.
A third obtaining module 303 is configured to obtain
mapping parameters according to the set of the first
feature point, the set of the second feature point, and
a preset mapping function, where the mapping pa-
rameters indicate a mapping relationship between
the first feature point and the second feature point
under constraint of the mapping function.
An encoding module 304 is configured to encode the
mapping parameters into a bitstream.
A fourth obtaining module 305 is configured to obtain
a first reference frame, where the first reference
frame is a first picture frame on which encoding re-
construction has been performed or a first interpo-
lated picture frame obtained by means of pixel inter-
polation on the first picture frame.
A fifth obtaining module 306 is configured to deter-
mine to-be-determined coefficients of the mapping
function according to the mapping parameters.
A sixth obtaining module 307 is configured to obtain,
in the first reference frame according to the mapping
function whose to-be-determined coefficients have
been determined, a first pixel unit having the map-
ping relationship with a second pixel unit of a second
reference frame.
An assignment module 308 is configured to assign
a pixel value of the first pixel unit to the second pixel
unit.

[0148] The encoding apparatus 300 corresponds to
the encoding method 3000. Specifically, the first obtain-
ing module 301, the second obtaining module 302, the
third obtaining module 303, the encoding module 304,
the fourth obtaining module 305, the fifth obtaining mod-
ule 306, the sixth obtaining module 307, and the assign-
ment module 308 respectively perform operations in
steps S3001, S3002, S3003, S3005, S3006, S3007,
S3008, and S3004, and details are not described again.
[0149] FIG. 14 is a schematic block diagram of another
reference frame encoding apparatus 400 according to
an embodiment of the present invention. As shown in
FIG. 14:

A first obtaining module 401 is configured to obtain
a to-be-encoded picture frame and a candidate ref-
erence frame of a picture frame on which encoding
reconstruction has been performed and that corre-
sponds to the to-be-encoded picture frame.
A second obtaining module 402 is configured to sep-
arately extract a set of a first feature point of the to-
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be-encoded picture frame and a set of a second fea-
ture point of the candidate reference frame.
A third obtaining module 403 is configured to obtain
mapping parameters according to the set of the first
feature point, the set of the second feature point, and
a preset mapping function, where the mapping pa-
rameters indicate a mapping relationship between
the first feature point and the second feature point
under constraint of the mapping function.

[0150] A first encoding module 404 is configured to en-
code the mapping parameters into a bitstream.
[0151] A fourth obtaining module 405 is configured to
obtain a first reference frame, where the first reference
frame is a first picture frame on which encoding recon-
struction has been performed or a first interpolated pic-
ture frame obtained by means of pixel interpolation on
the first picture frame.
[0152] A fifth obtaining module 406 is configured to de-
termine to-be-determined coefficients of the mapping
function according to the mapping parameters.
[0153] A sixth obtaining module 407 is configured to
obtain, in the first reference frame according to the map-
ping function whose to-be-determined coefficients have
been determined, a first pixel unit having the mapping
relationship with a second pixel unit of a second reference
frame.
[0154] An assignment module 408 is configured to as-
sign a pixel value of the first pixel unit to the second pixel
unit.
[0155] A first calculation module 409 is configured to
calculate first encoding performance of the second ref-
erence frame as the reference frame.
[0156] A second calculation module 410 is configured
to calculate second encoding performance of the encod-
ed picture frame as the reference frame.
[0157] A second encoding module 411 is configured
to encode comparison information of the first encoding
performance and the second encoding performance into
the bitstream.
[0158] A comparison module 412 is configured to:
when the comparison information indicates that the first
encoding performance is superior to the second encod-
ing performance, use the second reference frame as the
reference frame; otherwise, use the picture frame on
which encoding reconstruction has been performed as
the reference frame.
[0159] The encoding apparatus 400 corresponds to
the encoding method 4000. Specifically, the first obtain-
ing module 401, the second obtaining module 402, the
third obtaining module 403, the first encoding module
404, the fourth obtaining module 405, the fifth obtaining
module 406, the sixth obtaining module 407, and the as-
signment module 408 jointly perform the operation in step
S4001. Specifically, the first calculation module 409, the
second calculation module 410, the second encoding
module 411, and the comparison module 412 respec-
tively perform operations in steps S4002, S4003, S4004,

and S4005, and details are not described again.
[0160] In conclusion, in the foregoing embodiment, on-
ly a small quantity of mapping parameters, comparison
information, or indication information is transmitted at a
frame level, and selectivity of reference frames is en-
riched, so that a reference frame is closer to an actual
frame, and prediction performed by using the reference
frame is more accurate, thereby improving encoding ef-
ficiency. In addition, when construction information of a
reference frame is obtained in advance, a decoder side
may not perform additional reference frame construction,
thereby reducing complexity of the solution.
[0161] In one or more embodiments, the described
functions may be implemented by hardware, software,
firmware, or any combination thereof. If the functions are
implemented by the software, the functions may be
stored in a computer readable medium as one or more
instructions or source code, or sent by a computer read-
able medium, and executed by a processing unit based
on the hardware. The computer readable medium may
include a computer readable storage medium (which is
corresponding to a tangible medium such as a data stor-
age medium) or a communications medium, and the
communications medium includes, for example, any me-
dium that promotes transmission of data, by using a com-
puter program, from a place to another place according
to a communication protocol. In this manner, the compu-
ter readable medium may be generally corresponding to:
(1) a non-transitory tangible computer readable storage
medium, or (2) a communications medium such as a sig-
nal or a carrier. The data storage medium may be ac-
cessed by one or more computers or one or more proc-
essors to retrieve an instruction, code, and/or a data
structure for implementing any available medium in tech-
nologies described in the present invention. A computer
program product may include a computer readable me-
dium.
[0162] By way of example and not limitation, some
computer readable storage media may include a RAM,
a ROM, an EEPROM, a CD-ROM, another optical disc
storage or magnetic disk storage, another magnetic stor-
age apparatus, a flash memory, or any other medium
that can store required 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 appropri-
ately referred to as a computer readable medium. For
example, if an instruction is sent from a website, a server,
or another remote source by using a coaxial cable, an
optical cable, a twisted pair, a digital subscriber line
(DSL), or a wireless technology (for example, infrared,
radio, or microwave), the coaxial cable, the optical cable,
the twisted pair, the DSL, or the wireless technology (for
example, infrared, radio, or microwave) is included in a
definition of a medium. However, it should be understood
that the computer readable storage medium and the data
storage medium may not include a connection, a carrier,
a signal, or another transitory medium, but are non-tran-
sitory tangible storage media. A disk and an optical disc
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used in this specification include a compact disc (CD), a
laser disc, an optical disc, a digital versatile disc (DVD),
a floppy disk, and a Blu-ray disc, where the disk generally
magnetically copies data, and the optical disc optically
copies data by using a laser. A combination of the fore-
going objects shall further be included in the scope of the
computer readable medium.
[0163] An instruction may be executed by one or more
processors such as one or more digital signal processors
(DSP), a general microprocessor, an application-specific
integrated circuit (ASIC), a field programmable gate array
(FPGA), or another equivalent integrated circuit or dis-
crete logic circuit. Therefore, the term "processor" used
in this specification may refer to the foregoing structure,
or any other structure that may be applied to implemen-
tation of the technologies described in this specification.
In addition, in some aspects, the functions described in
this specification may be provided in a dedicated hard-
ware and/or software module configured for encoding
and decoding, or may be incorporated into a combined
coder-decoder. In addition, the technologies may be
completely implemented in one or more circuits or logic
elements.
[0164] The technologies in the present invention may
be widely implemented by multiple apparatuses or de-
vices. The apparatuses or devices include a radio hand-
set, an integrated circuit (IC), or an IC set (for example,
a chip set). In the present invention, various components,
modules, and units are described to emphasize functions
of an apparatus that is configured to implement the dis-
closed technologies, and the functions do not necessarily
need to be implemented by different hardware units. Pre-
cisely, as described in the foregoing, various units may
be combined into a coder-decoder hardware unit, or may
be provided by a set of interoperable hardware units (in-
cluding one or more processors described in the forego-
ing) and appropriate software and/or firmware.
[0165] It should be understood that "one embodiment"
or "an embodiment" mentioned in the 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 one embodiment" or "in an embodiment"
appearing throughout the specification does not refer to
a same embodiment. In addition, these particular fea-
tures, structures, or characteristics may be combined in
one or more embodiments by using any appropriate man-
ner.
[0166] It should be understood that sequence numbers
of the foregoing processes do not mean execution se-
quences in various embodiments of the present inven-
tion. The execution sequences 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 em-
bodiments of the present invention.
[0167] In addition, the terms "system" and "network"
may be used interchangeably in this specification. The

term "and/or" in this specification describes only an as-
sociation 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 as-
sociated objects.
[0168] It should be understood that in the embodiments
of this application, "B corresponding to A" indicates that
B is associated with A, and B may be determined accord-
ing to A. However, it should further be understood that
determining A according to B does not mean that B is
determined according to A only; that is, B may also be
determined according to A and/or other information.
[0169] 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 hard-
ware, computer software, or a combination thereof. To
clearly describe the interchangeability between the hard-
ware and the software, the foregoing has generally de-
scribed compositions and steps of each example accord-
ing to functions. Whether the functions are performed by
hardware or software depends on particular applications
and design constraint conditions of the technical solu-
tions. A person skilled in the art may use different meth-
ods to implement the described functions for each par-
ticular application, but it should not be considered that
the implementation goes beyond the scope of the present
invention.
[0170] 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 forego-
ing system, apparatus, and unit, refer to a corresponding
process in the foregoing method embodiments, and de-
tails are not described herein again.
[0171] In the several embodiments provided in this ap-
plication, it should be understood that the disclosed sys-
tem, apparatus, and method may be implemented in oth-
er manners. For example, the described apparatus em-
bodiment is merely an example. 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 in-
tegrated into another system, or some features may be
ignored or not performed. In addition, the displayed or
discussed mutual couplings or direct couplings or com-
munication connections may be implemented by using
some interfaces. The indirect couplings or communica-
tion connections between the apparatuses or units may
be implemented in electronic, mechanical, or other forms.
[0172] 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, may be located
in one position, or may be distributed on a plurality of
network units. Some or all of the units may be selected
according to actual requirements to achieve the objec-
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tives of the solutions of the embodiments.
[0173] In addition, functional units in the embodiments
of the present invention may be integrated into one
processing unit, or each of the units may exist alone phys-
ically, or two or more units are integrated into one unit.
[0174] The foregoing descriptions are merely specific
implementations of the present invention, but are not in-
tended to limit the protection scope of the present inven-
tion. Any variation or replacement readily figured out by
a person skilled in the art within the technical scope dis-
closed in the present invention shall fall within the pro-
tection scope of the present invention. Therefore, the pro-
tection scope of the present invention shall be subject to
the protection scope of the claims.

Claims

1. A reference frame decoding method, comprising:

obtaining a first reference frame, wherein the
first reference frame is a first picture frame on
which decoding reconstruction has been per-
formed or a first interpolated picture frame ob-
tained by means of pixel interpolation on the first
picture frame;
parsing a bitstream to obtain mapping parame-
ters;
determining to-be-determined coefficients of a
preset mapping function according to the map-
ping parameters;
obtaining, in the first reference frame according
to the mapping function whose to-be-deter-
mined coefficients have been determined, a first
pixel unit having a mapping relationship with a
second pixel unit of a second reference frame;
and
assigning a pixel value of the first pixel unit to
the second pixel unit.

2. The reference frame decoding method according to
claim 1, wherein the mapping function is x’ = m0x +
m1y + m2, y’ = m3x + m4y + m5, wherein x, y are a
horizontal coordinate and a vertical coordinate of a
source pixel unit, x’, y’ are a horizontal coordinate
and a vertical coordinate of a target pixel unit having
the mapping relationship with the source pixel unit
x, y, and m0,m1,m2,m3,m4,m5 are the to-be-deter-
mined coefficients that are of the preset mapping
function and that are determined according to the
mapping parameters; and
correspondingly, the obtaining, in the first reference
frame according to the mapping function whose to-
be-determined coefficients have been determined,
a first pixel unit having a mapping relationship with
a second pixel unit of a second reference frame com-
prises: obtaining, in the first reference frame accord-
ing to the mapping function x’ = m0x + m1y + m2, y’

= m3x + m4y + m5, the first pixel unit having the map-
ping relationship with the second pixel unit of the
second reference frame, wherein a location of the
first pixel unit is x’ = m0x + m1y + m2, y’ = m3x + m4y
+ m5, x, y are a horizontal coordinate and a vertical
coordinate of the second pixel unit, and x’, y’ are a
horizontal coordinate and a vertical coordinate of the
first pixel unit having the mapping relationship with
the second pixel unit.

3. The reference frame decoding method according to
claim 1 or 2, further comprising:

obtaining a reference frame list, wherein the ref-
erence frame list comprises a candidate refer-
ence frame of the first picture frame on which
decoding reconstruction has been performed;
and
adding the first picture frame on which decoding
reconstruction has been performed and the sec-
ond reference frame to the reference frame list,
wherein a location of the first picture frame on
which decoding reconstruction has been per-
formed is adjacent to a location of the second
reference frame in the reference frame list.

4. The reference frame decoding method according to
claim 1 or 2, further comprising:

obtaining a reference frame list, wherein the ref-
erence frame list comprises a candidate refer-
ence frame of the first picture frame on which
decoding reconstruction has been performed;
and
adding the second reference frame to the refer-
ence frame list.

5. The reference frame decoding method according to
claim 1 or 2, further comprising:

obtaining a third reference frame, wherein the
third reference frame is a second picture frame
on which decoding reconstruction has been per-
formed or a second interpolated picture frame
obtained by means of pixel interpolation on the
second picture frame;
obtaining, in the third reference frame according
to the mapping function whose to-be-deter-
mined coefficients have been determined, a
third pixel unit having the mapping relationship
with a fourth pixel unit of a fourth reference
frame; and
assigning a pixel value of the third pixel unit to
the fourth pixel unit.

6. The reference frame decoding method according to
claim 5, wherein the obtaining, in the third reference
frame according to the mapping function whose to-
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be-determined coefficients have been determined,
a third pixel unit having the mapping relationship with
a fourth pixel unit of a fourth reference frame com-
prises: obtaining, in the third reference frame accord-
ing to the mapping function x’ = m0x + m1y + m2,y’
= m3x + m4y + m5, the third pixel unit having the
mapping relationship with the fourth pixel unit of the
fourth reference frame, wherein a location of the third
pixel unit is x’ = m0x + m1y + m2, y’ = m3x + m4y +
m5, x, y are a horizontal coordinate and a vertical
coordinate of the fourth pixel unit, and x’, y’ are a
horizontal coordinate and a vertical coordinate of the
third pixel unit having the mapping relationship with
the fourth pixel unit.

7. The reference frame decoding method according to
claim 5 or 6, further comprising:

obtaining a reference frame list, wherein the ref-
erence frame list comprises a candidate refer-
ence frame of the second picture frame on which
decoding reconstruction has been performed;
performing weighted addition on a pixel unit of
the second reference frame and a pixel unit in
a same location in the fourth reference frame,
to obtain a fifth reference frame; and
adding the second picture frame on which de-
coding reconstruction has been performed or
the fifth reference frame to the reference frame
list.

8. The reference frame decoding method according to
claim 1 or 2, further comprising:

obtaining a reference frame list, wherein the ref-
erence frame list comprises a candidate refer-
ence frame of the first picture frame on which
decoding reconstruction has been performed;
obtaining regional vertexes of a preset first re-
gion in the first picture frame on which decoding
reconstruction has been performed;
obtaining, in the second reference frame ac-
cording to the mapping function, scatters having
the mapping relationship with the regional ver-
texes of the first region;
connecting, according to a connection relation-
ship between the regional vertexes of the first
region, the scatters that are in the second refer-
ence frame and that have the mapping relation-
ship with the regional vertexes of the first region;
forming a second region by using a region en-
circled by the scatters by means of the connec-
tion;
calculating a ratio of an intersection of areas of
the first region and the second region to a union
of the areas of the first region and the second
region, wherein the intersection comprises an
overlapped location region between the first re-

gion and the second region, and the union com-
prises the intersection and a non-overlapped lo-
cation region between the first region and the
second region in ranges of the first region and
the second region; and
when the ratio is less than a preset value, adding
the second reference frame to the reference
frame list;
otherwise, adding the first picture frame on
which decoding reconstruction has been per-
formed to the reference frame list.

9. The reference frame decoding method according to
claim 8, wherein the obtaining, in the second refer-
ence frame according to the mapping function, scat-
ters having the mapping relationship with the region-
al vertexes of the first region comprises: obtaining
locations of the scatters as

 in the second

reference frame, wherein x, y are a horizontal coor-
dinate and a vertical coordinate of the regional vertex
of the first region, and x’, y’ are a horizontal coordi-
nate and a vertical coordinate of the scatter having
the mapping relationship with the regional vertex of
the first region.

10. A reference frame decoding method, comprising:

parsing a bitstream to obtain indication informa-
tion;
when the indication information indicates not to
construct, based on a picture frame on which
decoding reconstruction has been performed,
another reference frame, using the picture frame
on which decoding reconstruction has been per-
formed as the reference frame;
otherwise, obtaining a first reference frame,
wherein the first reference frame is the picture
frame on which decoding reconstruction has
been performed or an interpolated picture frame
obtained by means of pixel interpolation on the
picture frame;
parsing the bitstream to obtain mapping param-
eters;
determining to-be-determined coefficients of a
preset mapping function according to the map-
ping parameters;
obtaining, in the first reference frame according
to the mapping function whose to-be-deter-
mined coefficients have been determined, a first
pixel unit having a mapping relationship with a
second pixel unit of a second reference frame;
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and
assigning a pixel value of the first pixel unit to
the second pixel unit.

11. The reference frame decoding method according to
claim 10, wherein the mapping function is x’ = m0x
+ m1y + m2, y’ = m3x + m4y + m5, wherein x, y are
a horizontal coordinate and a vertical coordinate of
a source pixel unit, x’, y’ are a horizontal coordinate
and a vertical coordinate of a target pixel unit having
the mapping relationship with the source pixel unit
x, y, and m0,m1,m2,m3,m4,m5 are the to-be-deter-
mined coefficients that are of the preset mapping
function and that are determined according to the
mapping parameters; and
correspondingly, the obtaining, in the first reference
frame according to the mapping function whose to-
be-determined coefficients have been determined,
a first pixel unit having a mapping relationship with
a second pixel unit of a second reference frame com-
prises: obtaining, in the first reference frame accord-
ing to the mapping function x’ = m0x + m1y + m2, y’
= m3x + m4y + m5, the first pixel unit having the map-
ping relationship with the second pixel unit of the
second reference frame, wherein a location of the
first pixel unit is x’ = m0x + m1y + m2, y’ = m3x + m4y
+ m5, x, y are a horizontal coordinate and a vertical
x’ = m0x + m1y + m2, y’ = m3x + m4y + m5, x, y are
a horizontal coordinate and a vertical coordinate of
the second pixel unit, and x’, y’ are a horizontal co-
ordinate and a vertical coordinate of the first pixel
unit having the mapping relationship with the second
pixel unit.

12. A reference frame encoding method, comprising:

obtaining a to-be-encoded picture frame and a
candidate reference frame of a picture frame on
which encoding reconstruction has been per-
formed and that corresponds to the to-be-en-
coded picture frame;
separately extracting a set of a first feature point
of the to-be-encoded picture frame and a set of
a second feature point of the candidate refer-
ence frame;
obtaining mapping parameters according to the
set of the first feature point, the set of the second
feature point, and a preset mapping function,
wherein the mapping parameters indicate a
mapping relationship between the first feature
point and the second feature point under con-
straint of the mapping function;
encoding the mapping parameters into a bit-
stream;
obtaining a first reference frame, wherein the
first reference frame is a first picture frame on
which encoding reconstruction has been per-
formed or a first interpolated picture frame ob-

tained by means of pixel interpolation on the first
picture frame;
determining to-be-determined coefficients of the
mapping function according to the mapping pa-
rameters;
obtaining, in the first reference frame according
to the mapping function whose to-be-deter-
mined coefficients have been determined, a first
pixel unit having the mapping relationship with
a second pixel unit of a second reference frame;
and
assigning a pixel value of the first pixel unit to
the second pixel unit.

13. The reference frame encoding method according to
claim 12, wherein the mapping function is x’ = m0x
+ m1y + m2, y’ = m3x + m4y + m5, wherein x, y are
a horizontal coordinate and a vertical coordinate of
a source pixel unit, x’, y’ are a horizontal coordinate
and a vertical coordinate of a target pixel unit having
the mapping relationship with the source pixel unit
x, y, and m0,m1,m2,m3,m4,m5 are the to-be-deter-
mined coefficients that are of the preset mapping
function and that are determined according to the
mapping parameters; and
correspondingly, the obtaining, in the first reference
frame according to the mapping function whose to-
be-determined coefficients have been determined,
a first pixel unit having the mapping relationship with
a second pixel unit of a second reference frame com-
prises: obtaining, in the first reference frame accord-
ing to the mapping function x’ = m0x + m1y + m2, y’
= m3x + m4y + m5, the first pixel unit having the map-
ping relationship with the second pixel unit of the
second reference frame, wherein a location of the
first pixel unit is x’ = m0x + m1y + m2, y’ = m3x + m4y
+ m5, x, y are a horizontal coordinate and a vertical
coordinate of the second pixel unit, and x’, y’ are a
horizontal coordinate and a vertical coordinate of the
first pixel unit having the mapping relationship with
the second pixel unit.

14. The reference frame encoding method according to
claim 12 or 13, further comprising:

obtaining a reference frame list, wherein the ref-
erence frame list comprises a candidate refer-
ence frame of the first picture frame on which
encoding reconstruction has been performed;
and
adding the first picture frame on which encoding
reconstruction has been performed and the sec-
ond reference frame to the reference frame list,
wherein a location of the first picture frame on
which encoding reconstruction has been per-
formed is adjacent to a location of the second
reference frame in the reference frame list.
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15. The reference frame encoding method according to
claim 12 or 13, further comprising:

obtaining a reference frame list, wherein the ref-
erence frame list comprises a candidate refer-
ence frame of the first picture frame on which
encoding reconstruction has been performed;
and
adding the second reference frame to the refer-
ence frame list.

16. The reference frame encoding method according to
claim 12 or 13, further comprising:

obtaining a third reference frame, wherein the
third reference frame is a second picture frame
on which encoding reconstruction has been per-
formed or a second interpolated picture frame
obtained by means of pixel interpolation on the
second picture frame;
obtaining, in the third reference frame according
to the mapping function whose to-be-deter-
mined coefficients have been determined, a
third pixel unit having the mapping relationship
with a fourth pixel unit of a fourth reference
frame; and
assigning a pixel value of the third pixel unit to
the fourth pixel unit.

17. The reference frame encoding method according to
claim 16, wherein the obtaining, in the third reference
frame according to the mapping function whose to-
be-determined coefficients have been determined,
a third pixel unit having the mapping relationship with
a fourth pixel unit of a fourth reference frame com-
prises: obtaining, in the third reference frame accord-
ing to the mapping function x’ = m0x + m1y + m2, y’
= m3x + m4y + m5, the third pixel unit having the
mapping relationship with the fourth pixel unit of the
fourth reference frame, wherein a location of the third
pixel unit is x’ = m0x + m1y + m2, y’ = m3x + m4y +
m5, x, y are a horizontal coordinate and a vertical
coordinate of the fourth pixel unit, and x’, y’ are a
horizontal coordinate and a vertical coordinate of the
third pixel unit having the mapping relationship with
the fourth pixel unit.

18. The reference frame encoding method according to
claim 16 or 17, further comprising:

obtaining a reference frame list, wherein the ref-
erence frame list comprises a candidate refer-
ence frame of the second picture frame on which
encoding reconstruction has been performed;
performing weighted addition on a pixel unit of
the second reference frame and a pixel unit in
a same location in the fourth reference frame,
to obtain a fifth reference frame; and

adding the second picture frame on which en-
coding reconstruction has been performed or
the fifth reference frame to the reference frame
list.

19. The reference frame encoding method according to
claim 12 or 13, further comprising:

obtaining a reference frame list, wherein the ref-
erence frame list comprises a candidate refer-
ence frame of the first picture frame on which
encoding reconstruction has been performed;
obtaining regional vertexes of a preset first re-
gion in the first picture frame on which encoding
reconstruction has been performed;
obtaining, in the second reference frame ac-
cording to the mapping function, scatters having
the mapping relationship with the regional ver-
texes of the first region;
connecting, according to a connection relation-
ship between the regional vertexes of the first
region, the scatters that are in the second refer-
ence frame and that have the mapping relation-
ship with the regional vertexes of the first region;
forming a second region by using a region en-
circled by the scatters by means of the connec-
tion;
calculating a ratio of an intersection of areas of
the first region and the second region to a union
of the areas of the first region and the second
region, wherein the intersection comprises an
overlapped location region between the first re-
gion and the second region, and the union com-
prises the intersection and a non-overlapped lo-
cation region between the first region and the
second region in ranges of the first region and
the second region; and
when the ratio is less than a preset value, adding
the second reference frame to the reference
frame list;
otherwise, adding the first picture frame on
which encoding reconstruction has been per-
formed to the reference frame list.

20. The reference frame encoding method according to
claim 19, wherein the obtaining, in the second refer-
ence frame according to the mapping function, scat-
ters having the mapping relationship with the region-
al vertexes of the first region comprises: obtaining
locations of the scatters as

 in the second

reference frame, wherein x, y are a horizontal coor-
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dinate and a vertical coordinate of the regional vertex
of the first region, and x’, y’ are a horizontal coordi-
nate and a vertical coordinate of the scatter having
the mapping relationship with the regional vertex of
the first region.

21. A reference frame encoding method, comprising:

obtaining a to-be-encoded picture frame and a
candidate reference frame of a picture frame on
which encoding reconstruction has been per-
formed and that corresponds to the to-be-en-
coded picture frame;
separately extracting a set of a first feature point
of the to-be-encoded picture frame and a set of
a second feature point of the candidate refer-
ence frame;
obtaining mapping parameters according to the
set of the first feature point, the set of the second
feature point, and a preset mapping function,
wherein the mapping parameters indicate a
mapping relationship between the first feature
point and the second feature point under con-
straint of the mapping function;
encoding the mapping parameters into a bit-
stream;
obtaining a first reference frame, wherein the
first reference frame is a first picture frame on
which encoding reconstruction has been per-
formed or a first interpolated picture frame ob-
tained by means of pixel interpolation on the first
picture frame;
determining to-be-determined coefficients of the
mapping function according to the mapping pa-
rameters;
obtaining, in the first reference frame according
to the mapping function whose to-be-deter-
mined coefficients have been determined, a first
pixel unit having the mapping relationship with
a second pixel unit of a second reference frame;
assigning a pixel value of the first pixel unit to
the second pixel unit;
calculating first encoding performance of the
second reference frame as the reference frame;
calculating second encoding performance of the
encoded picture frame as the reference frame;
encoding comparison information of the first en-
coding performance and the second encoding
performance into the bitstream; and
when the comparison information indicates that
the first encoding performance is superior to the
second encoding performance, using the sec-
ond reference frame as the reference frame;
otherwise, using the picture frame on which en-
coding reconstruction has been performed as
the reference frame.

22. The reference frame encoding method according to

claim 21, wherein the mapping function is x’ = m0x
+ m1y + m2, y’ = m3x + m4y + m5, wherein x, y are
a horizontal coordinate and a vertical coordinate of
a source pixel unit, x’, y’ are a horizontal coordinate
and a vertical coordinate of a target pixel unit having
the mapping relationship with the source pixel unit
x, y, and m0,m1,m2,m3,m4,m5 are the to-be-deter-
mined coefficients that are of the preset mapping
function and that are determined according to the
mapping parameters; and
correspondingly, the obtaining, in the first reference
frame according to the mapping function whose to-
be-determined coefficients have been determined,
a first pixel unit having the mapping relationship with
a second pixel unit of a second reference frame com-
prises: obtaining, in the first reference frame accord-
ing to the mapping function x’ = m0x + m1y + m2, y’
= m3x + m4y + m5, the first pixel unit having the map-
ping relationship with the second pixel unit of the
second reference frame, wherein a location of the
first pixel unit is x’ = m0x + m1y + m2, y’ = m3x + m4y
+ m5, x, y are a horizontal coordinate and a vertical
coordinate of the second pixel unit, and x’, y’ are a
horizontal coordinate and a vertical coordinate of the
first pixel unit having the mapping relationship with
the second pixel unit.

23. A reference frame decoding apparatus, comprising:

a first obtaining module, configured to obtain a
first reference frame, wherein the first reference
frame is a first picture frame on which decoding
reconstruction has been performed or a first in-
terpolated picture frame obtained by means of
pixel interpolation on the first picture frame;
a first parsing module, configured to parse a bit-
stream to obtain mapping parameters;
a second obtaining module, configured to deter-
mine to-be-determined coefficients of a preset
mapping function according to the mapping pa-
rameters;
a third obtaining module, configured to obtain,
in the first reference frame according to the map-
ping function whose to-be-determined coeffi-
cients have been determined, a first pixel unit
having a mapping relationship with a second pix-
el unit of a second reference frame; and
a first assignment module, configured to assign
a pixel value of the first pixel unit to the second
pixel unit.

24. The reference frame decoding apparatus according
to claim 23, wherein the mapping function is x’ = m0x
+ m1y + m2, y’ = m3x + m4y + m5, wherein x, y are
a horizontal coordinate and a vertical coordinate of
a source pixel unit, x’, y’ are a horizontal coordinate
and a vertical coordinate of a target pixel unit having
the mapping relationship with the source pixel unit
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x, y, and m0,m1,m2,m3,m4,m5 are the to-be-deter-
mined coefficients that are of the preset mapping
function and that are determined according to the
mapping parameters; and
correspondingly, the third obtaining module is spe-
cifically configured to: determine, in the first refer-
ence frame, that a location of the first pixel unit is x’
= m0x + m1y + m2, y’ = m3x + m4y + m5, wherein x,
y are a horizontal coordinate and a vertical coordi-
nate of the second pixel unit, and x’, y’ are a hori-
zontal coordinate and a vertical coordinate of the first
pixel unit having the mapping relationship with the
second pixel unit.

25. The reference frame decoding apparatus according
to claim 23 or 24, further comprising:

a fourth obtaining module, configured to obtain
a reference frame list, wherein the reference
frame list comprises a candidate reference
frame of the first picture frame on which decod-
ing reconstruction has been performed; and
a first construction module, configured to add
the first picture frame on which decoding recon-
struction has been performed and the second
reference frame to the reference frame list,
wherein a location of the first picture frame on
which decoding reconstruction has been per-
formed is adjacent to a location of the second
reference frame in the reference frame list.

26. The reference frame decoding apparatus according
to claim 23 or 24, further comprising:

a fifth obtaining module, configured to obtain a
reference frame list, wherein the reference
frame list comprises a candidate reference
frame of the first picture frame on which decod-
ing reconstruction has been performed; and
a second construction module, configured to
add the second reference frame to the reference
frame list.

27. The reference frame decoding apparatus according
to claim 23 or 24, further comprising:

a sixth obtaining module, configured to obtain a
third reference frame, wherein the third refer-
ence frame is a second picture frame on which
decoding reconstruction has been performed or
a second interpolated picture frame obtained by
means of pixel interpolation on the second pic-
ture frame;
a seventh obtaining module, configured to ob-
tain, in the third reference frame according to
the mapping function whose to-be-determined
coefficients have been determined, a third pixel
unit having the mapping relationship with a

fourth pixel unit of a fourth reference frame; and
a second assignment module, configured to as-
sign a pixel value of the third pixel unit to the
fourth pixel unit.

28. The reference frame decoding apparatus according
to claim 27, wherein the seventh obtaining module
is further specifically configured to: determine, in the
third reference frame, that a location of the third pixel
unit is x’ = m0x + m1y + m2, y’ = m3x + m4y + m5,
wherein x, y are a horizontal coordinate and a vertical
coordinate of the fourth pixel unit, and x’, y’ are a
horizontal coordinate and a vertical coordinate of the
third pixel unit having the mapping relationship with
the fourth pixel unit.

29. The reference frame decoding apparatus according
to claim 27 or 28, further comprising:

an eighth obtaining module, configured to obtain
a reference frame list, wherein the reference
frame list comprises a candidate reference
frame of the second picture frame on which de-
coding reconstruction has been performed;
a first calculation module, configured to perform
weighted addition on a pixel unit of the second
reference frame and a pixel unit in a same loca-
tion in the fourth reference frame, to obtain a
fifth reference frame; and
a third construction module, configured to add
the second picture frame on which decoding re-
construction has been performed or the fifth ref-
erence frame to the reference frame list.

30. The reference frame decoding apparatus according
to claim 23 or 24, further comprising:

a ninth obtaining module, configured to obtain a
reference frame list, wherein the reference
frame list comprises a candidate reference
frame of the first picture frame on which decod-
ing reconstruction has been performed;
a tenth obtaining module, configured to obtain
regional vertexes of a preset first region in the
first picture frame on which decoding recon-
struction has been performed;
an eleventh obtaining module, configured to ob-
tain, in the second reference frame according to
the mapping function, scatters having the map-
ping relationship with the regional vertexes of
the first region;
a connection module, configured to connect, ac-
cording to a connection relationship between the
regional vertexes of the first region, the scatters
that are in the second reference frame and that
have the mapping relationship with the regional
vertexes of the first region;
a fourth construction module, configured to form
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a second region by using a region encircled by
the scatters by means of the connection;
a second calculation module, configured to cal-
culate a ratio of an intersection of areas of the
first region and the second region to a union of
the areas of the first region and the second re-
gion, wherein the intersection comprises an
overlapped location region between the first re-
gion and the second region, and the union com-
prises the intersection and a non-overlapped lo-
cation region between the first region and the
second region in ranges of the first region and
the second region; and
a comparison module, configured to: when the
ratio is less than a preset value, add the second
reference frame to the reference frame list; oth-
erwise, add the first picture frame on which de-
coding reconstruction has been performed to
the reference frame list.

31. The reference frame decoding apparatus according
to claim 30, wherein the eleventh obtaining module
is further specifically configured to: obtain locations
of the scatters as

 in the second

reference frame, wherein x, y are a horizontal coor-
dinate and a vertical coordinate of the regional vertex
of the first region, and x’, y’ are a horizontal coordi-
nate and a vertical coordinate of the scatter having
the mapping relationship with the regional vertex of
the first region.

32. A reference frame decoding apparatus, comprising:

a first parsing module, configured to parse a bit-
stream to obtain indication information;
a selection module, configured to: when the in-
dication information indicates not to construct,
based on a picture frame on which decoding re-
construction has been performed, another ref-
erence frame, use the picture frame on which
decoding reconstruction has been performed as
the reference frame;
otherwise, a first obtaining module, configured
to obtain a first reference frame, wherein the first
reference frame is the picture frame on which
decoding reconstruction has been performed or
an interpolated picture frame obtained by means
of pixel interpolation on the picture frame;
a second parsing module, configured to parse
the bitstream to obtain mapping parameters;
a second obtaining module, configured to deter-

mine to-be-determined coefficients of a preset
mapping function according to the mapping pa-
rameters;
a third obtaining module, configured to obtain,
in the first reference frame according to the map-
ping function whose to-be-determined coeffi-
cients have been determined, a first pixel unit
having a mapping relationship with a second pix-
el unit of a second reference frame; and
an assignment module, configured to assign a
pixel value of the first pixel unit to the second
pixel unit.

33. The reference frame decoding apparatus according
to claim 32, wherein the mapping function is x’ = m0x
+ m1y + m2, y’ = m3x + m4y + m5, wherein x, y are
a horizontal coordinate and a vertical coordinate of
a source pixel unit, x’, y’ are a horizontal coordinate
and a vertical coordinate of a target pixel unit having
the mapping relationship with the source pixel unit
x, y, and m0,m1,m2,m3,m4,m5 are the to-be-deter-
mined coefficients that are of the preset mapping
function and that are determined according to the
mapping parameters; and
correspondingly, the third obtaining module is further
specifically configured to: determine, in the first ref-
erence frame, that a location of the first pixel unit is
x’ = m0x + m1y + m2, y’ = m3x + m4y + m5, wherein
x, y are a horizontal coordinate and a vertical coor-
dinate of the second pixel unit, and x’, y’ are a hori-
zontal coordinate and a vertical coordinate of the first
pixel unit having the mapping relationship with the
second pixel unit.

34. A reference frame encoding apparatus, comprising:

a first obtaining module, configured to obtain a
to-be-encoded picture frame and a candidate
reference frame of a picture frame on which en-
coding reconstruction has been performed and
that corresponds to the to-be-encoded picture
frame;
a second obtaining module, configured to sep-
arately extract a set of a first feature point of the
to-be-encoded picture frame and a set of a sec-
ond feature point of the candidate reference
frame;
a third obtaining module, configured to obtain
mapping parameters according to the set of the
first feature point, the set of the second feature
point, and a preset mapping function, wherein
the mapping parameters indicate a mapping re-
lationship between the first feature point and the
second feature point under constraint of the
mapping function;
a first encoding module, configured to encode
the mapping parameters into a bitstream;
a fourth obtaining module, configured to obtain
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a first reference frame, wherein the first refer-
ence frame is a first picture frame on which en-
coding reconstruction has been performed or a
first interpolated picture frame obtained by
means of pixel interpolation on the first picture
frame;
a fifth obtaining module, configured to determine
to-be-determined coefficients of the mapping
function according to the mapping parameters;
a sixth obtaining module, configured to obtain,
in the first reference frame according to the map-
ping function whose to-be-determined coeffi-
cients have been determined, a first pixel unit
having the mapping relationship with a second
pixel unit of a second reference frame; and
a first assignment module, configured to assign
a pixel value of the first pixel unit to the second
pixel unit.

35. The reference frame encoding apparatus according
to claim 34, wherein the mapping function is x’ = m0x
+ m1y + m2, y’ = m3x + m4y + m5, wherein x, y are
a horizontal coordinate and a vertical coordinate of
a source pixel unit, x’, y’ are a horizontal coordinate
and a vertical coordinate of a target pixel unit having
the mapping relationship with the source pixel unit
x, y, and m0,m1,m2,m3,m4,m5 are the to-be-deter-
mined coefficients that are of the preset mapping
function and that are determined according to the
mapping parameters; and
correspondingly, the third obtaining module is further
specifically configured to: determine, in the first ref-
erence frame, that a location of the first pixel unit is
x’ = m0x + m1y + m2, y’ = m3x + m4y + m5, wherein
x, y are a horizontal coordinate and a vertical coor-
dinate of the second pixel unit, and x’, y’ are a hori-
zontal coordinate and a vertical coordinate of the first
pixel unit having the mapping relationship with the
second pixel unit.

36. The reference frame encoding apparatus according
to claim 34 or 35, further comprising:

a seventh obtaining module, configured to ob-
tain a reference frame list, wherein the reference
frame list comprises a candidate reference
frame of the first picture frame on which encod-
ing reconstruction has been performed; and
a first construction module, configured to add
the first picture frame on which encoding recon-
struction has been performed and the second
reference frame to the reference frame list,
wherein a location of the first picture frame on
which encoding reconstruction has been per-
formed is adjacent to a location of the second
reference frame in the reference frame list.

37. The reference frame encoding apparatus according

to claim 34 or 35, further comprising:

an eighth obtaining module, configured to obtain
a reference frame list, wherein the reference
frame list comprises a candidate reference
frame of the first picture frame on which encod-
ing reconstruction has been performed; and
a second construction module, configured to
add the second reference frame to the reference
frame list.

38. The reference frame encoding apparatus according
to claim 34 or 35, further comprising:

a ninth obtaining module, configured to obtain a
third reference frame, wherein the third refer-
ence frame is a second picture frame on which
encoding reconstruction has been performed or
a second interpolated picture frame obtained by
means of pixel interpolation on the second pic-
ture frame;
a tenth obtaining module, configured to obtain,
in the third reference frame according to the
mapping function whose to-be-determined co-
efficients have been determined, a third pixel
unit having the mapping relationship with a
fourth pixel unit of a fourth reference frame; and
a second assignment module, configured to as-
sign a pixel value of the third pixel unit to the
fourth pixel unit.

39. The reference frame encoding apparatus according
to claim 38, wherein the tenth obtaining module is
further specifically configured to: determine, in the
third reference frame, that a location of the third pixel
unit is x’ = m0x + m1y + m2, y’ = m3x + m4y + m5,
wherein x, y are a horizontal coordinate and a vertical
coordinate of the fourth pixel unit, and x’, y’ are a
horizontal coordinate and a vertical coordinate of the
third pixel unit having the mapping relationship with
the fourth pixel unit.

40. The reference frame encoding apparatus according
to claim 38 or 39, further comprising:

an eleventh obtaining module, configured to ob-
tain a reference frame list, wherein the reference
frame list comprises a candidate reference
frame of the second picture frame on which en-
coding reconstruction has been performed;
a first calculation module, configured to perform
weighted addition on a pixel unit of the second
reference frame and a pixel unit in a same loca-
tion in the fourth reference frame, to obtain a
fifth reference frame; and
a third construction module, configured to add
the second picture frame on which encoding re-
construction has been performed or the fifth ref-
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erence frame to the reference frame list.

41. The reference frame encoding apparatus according
to claim 34 or 35, further comprising:

a twelfth obtaining module, configured to obtain
a reference frame list, wherein the reference
frame list comprises a candidate reference
frame of the first picture frame on which encod-
ing reconstruction has been performed;
a thirteenth obtaining module, configured to ob-
tain regional vertexes of a preset first region in
the first picture frame on which encoding recon-
struction has been performed;
a fourteenth obtaining module, configured to ob-
tain, in the second reference frame according to
the mapping function, scatters having the map-
ping relationship with the regional vertexes of
the first region;
a connection module, configured to connect, ac-
cording to a connection relationship between the
regional vertexes of the first region, the scatters
that are in the second reference frame and that
have the mapping relationship with the regional
vertexes of the first region;
a fourth construction module, configured to form
a second region by using a region encircled by
the scatters by means of the connection;
a second calculation module, configured to cal-
culate a ratio of an intersection of areas of the
first region and the second region to a union of
the areas of the first region and the second re-
gion, wherein the intersection comprises an
overlapped location region between the first re-
gion and the second region, and the union com-
prises the intersection and a non-overlapped lo-
cation region between the first region and the
second region in ranges of the first region and
the second region; and
a comparison module, configured to: when the
ratio is less than a preset value, add the second
reference frame to the reference frame list; oth-
erwise, add the first picture frame on which en-
coding reconstruction has been performed to
the reference frame list.

42. The reference frame encoding apparatus according
to claim 41, wherein the fourteenth obtaining module
is further specifically configured to: obtain locations
of the scatters as

 in the second

reference frame, wherein x, y are a horizontal coor-

dinate and a vertical coordinate of the regional vertex
of the first region, and x’, y’ are a horizontal coordi-
nate and a vertical coordinate of the scatter having
the mapping relationship with the regional vertex of
the first region.

43. A reference frame encoding apparatus, comprising:

a first obtaining module, configured to obtain a
to-be-encoded picture frame and a candidate
reference frame of a picture frame on which en-
coding reconstruction has been performed and
that corresponds to the to-be-encoded picture
frame;
a second obtaining module, configured to sep-
arately extract a set of a first feature point of the
to-be-encoded picture frame and a set of a sec-
ond feature point of the candidate reference
frame;
a third obtaining module, configured to obtain
mapping parameters according to the set of the
first feature point, the set of the second feature
point, and a preset mapping function, wherein
the mapping parameters indicate a mapping re-
lationship between the first feature point and the
second feature point under constraint of the
mapping function;
a first encoding module, configured to encode
the mapping parameters into a bitstream;
a fourth obtaining module, configured to obtain
a first reference frame, wherein the first refer-
ence frame is a first picture frame on which en-
coding reconstruction has been performed or a
first interpolated picture frame obtained by
means of pixel interpolation on the first picture
frame;
a fifth obtaining module, configured to determine
to-be-determined coefficients of the mapping
function according to the mapping parameters;
a sixth obtaining module, configured to obtain,
in the first reference frame according to the map-
ping function whose to-be-determined coeffi-
cients have been determined, a first pixel unit
having the mapping relationship with a second
pixel unit of a second reference frame;
an assignment module, configured to assign a
pixel value of the first pixel unit to the second
pixel unit;
a first calculation module, configured to calcu-
late first encoding performance of the second
reference frame as the reference frame;
a second calculation module, configured to cal-
culate second encoding performance of the en-
coded picture frame as the reference frame;
a second encoding module, configured to en-
code comparison information of the first encod-
ing performance and the second encoding per-
formance into the bitstream; and
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a comparison module, configured to: when the
comparison information indicates that the first
encoding performance is superior to the second
encoding performance, use the second refer-
ence frame as the reference frame; otherwise,
use the picture frame on which encoding recon-
struction has been performed as the reference
frame.

44. The reference frame encoding apparatus according
to claim 43, wherein the mapping function is x’ = m0x
+ m1y + m2, y’ = m3x + m4y + m5, wherein x, y are
a horizontal coordinate and a vertical coordinate of
a source pixel unit, x’, y’ are a horizontal coordinate
and a vertical coordinate of a target pixel unit having
the mapping relationship with the source pixel unit
x, y, and m0,m1,m2,m3,m4,m5 are the to-be-deter-
mined coefficients that are of the preset mapping
function and that are determined according to the
mapping parameters; and
correspondingly, the sixth obtaining module is fur-
ther specifically configured to: determine, in the first
reference frame, that a location of the first pixel unit
is x’ = m0x + m1y + m2, y’ = m3x + m4y + m5, wherein
x, y are a horizontal coordinate and a vertical coor-
dinate of the second pixel unit, and x’, y’ are a hori-
zontal coordinate and a vertical coordinate of the first
pixel unit having the mapping relationship with the
second pixel unit.
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