VIDEO COMPRESSION PROCESSING METHOD AND APPARATUS,
ELECTRONIC DEVICE AND STORAGE MEDIUM

CROSS-REFERENCE TO RELATED APPLICATION

[ 0001] This application is based upon and claims priority to Chinese patent application
No. 201811440753.9, filed on November 29, 2018, the disclosure of which is hereby

incorporated by reference in its entirety.

TECHNICAL FIELD

[ 0002] The present disclosure relates, but is not limited, to the field of information
technologies, and particularly relates to a method for video compression processing and

apparatus, an electronic device and a storage medium.

BACKGROUND

[ 0003] Video compression is widely applied to various video systems and is of great
significance to reduce storage and transmission spaces of videos. At the meantime, many
computer vision tasks are very sensitive to the quality of video compression. Therefore,
further improving the performance of video compression is also of great help to other video

tasks.

SUMMARY

[ 0004] In view of this, embodiments of the present disclosure are intended to provide a
method and apparatus for video compression processing, an electronic device and a storage

medium.

[ 0005] The technical solutions of the present disclosure are implemented as follows.



[ 0006] A method for video compression processing may include the following

operation.

[ 0007] Video compression is performed by using an end-to-end model trained with a

single loss function to obtain video compression information.

[ 0008] An apparatus for video compression processing may include a video

compression module.

[ 0009] The video compression module is configured to perform video compression by

using an end-to-end model trained with a single loss function, to obtain video compression

information.
[ 0010] An electronic device may include:
[0011] a memory, and
[ 0012] a processor, connected to the memory, and configured to execute computer

executable instructions stored in the memory to implement method for the video

compression processing provided in the above any technical solution.

[ 0013] A computer storage medium stores computer executable instructions; and the
computer executable instructions are executed by a processor to implement the method for

video compression processing provided in the above any technical solution.

[ 0014] A program product stores computer executable instructions; and the computer
executable instructions are executed to implement the method for video compression

processing provided in the above any technical solution.

[0015] According to the technical solutions provided by the embodiments of the present
disclosure, video compression is performed by using an end-to-end model trained with a
single loss function. Therefore, compared with a non-end-to-end model formed by
combining multiple deep learning modules trained with different loss functions, the
phenomenon of large video compression distortion caused by accumulation of loss values
of the deep learning modules is reduced, and the video compression effect is improved. At
the meantime, the single loss function may generally balance the code rate and the loss

value of the video compression information, such that the code rate is improved in general
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as much as possible, while a certain distortion rate can be kept.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0016] FIG. 1 is a flowchart schematic diagram of a first method for video compression

processing provided by an embodiment of the present disclosure.

[ 0017] FIG. 2A is a flowchart schematic diagram of a second method for video

compression processing provided by an embodiment of the present disclosure.

[ 0018] FIG. 2B is a flowchart schematic diagram of a third method for video

compression processing provided by an embodiment of the present disclosure.

[ 0019] FIG. 3 is a flowchart schematic diagram of a method for generating a current

prediction frame provided by an embodiment of the present disclosure.

[ 0020] FIG. 4 is a flowchart schematic diagram of a method for encoding and decoding

motion information provided by an embodiment of the present disclosure.

[ 0021] FIG. 5 is a flowchart schematic diagram of a method for generating a second

residual feature provided by an embodiment of the present disclosure.

[ 0022] FIG. 6 is a flowchart schematic diagram of another method for generating a

current prediction frame provided by an embodiment of the present disclosure.

[ 0023] FIG. 7 is a structural schematic diagram of an apparatus for video compression

processing provided by an embodiment of the present disclosure.

[ 0024] FIG. 8 is a flowchart schematic diagram of a fourth method for video

compression processing provided by an embodiment of the present disclosure.

[ 0025] FIG. 9 is a schematic diagram of a method for generating a current prediction
frame based on a previous reconstruction frame and second motion information provided

by an embodiment of the present disclosure.

0026 FIG. 10 is a schematic diagram of another method for generating a current
g g g
prediction frame based on a previous reconstruction frame and second motion information
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provided by an embodiment of the present disclosure.

DETAILED DESCRIPTION

[ 0027] The technical solutions of the present disclosure are further described below in
detail in combination with the accompanying drawings and specific embodiments of the

specification.

[ 0028] As shown in FIG. 1, the method for video compression processing provided by

the embodiment may include the following step.

[ 0029] In S100, video compression is performed by using an end-to-end model trained

with a single loss function, to obtain video compression information.

[ 0030] According to the method for video compression processing provided by the
embodiment, video processing is performed by using the end-to-end model trained with

the single loss function.

[ 0031] The single loss function herein is a loss function. Regarding the end-to-end
model, after a to-be-compressed video is input in to the end-to-end model, the end-to-end
model directly outputs video compression information. Herein, the video compression

information is information obtained after the video is compressed.

[ 0032] In the embodiment, by use of an end-to-end model, the loss value of each deep
learning module in the end-to-end model for the video processing is calculated by a single
loss function. Therefore, on one hand, as a single loss function is used to calculate the loss
value in training, it can reduce the redundant calculated amount due to the fact that different
deep learning modules use different loss functions to calculate the loss values. On the other
hand, in the case that the different deep learning models calculate the loss values
respectively, accumulation of the loss values will result in uncontrollable or excessive final
loss value of the models; while in the embodiment, as the same loss function is used to
calculate the loss value of the whole end-to-end model, it can reduce such a situation, and

ensure quality of video compression at a predetermined code rate.

[ 0033] In some embodiments, as shown in FIG. 2A, Step S100 may include the
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following steps.

[ 0034] In S101, first motion information is obtained according to a current original

frame and a previous reconstruction frame.

[ 0035] In S102, a current prediction frame is obtained according to the first motion

information and the previous reconstruction frame.

[ 0036] In S103, first residual information is obtained according to the current original
frame and the current prediction frame. The first motion information and the first residual

information form the video compression information.

[ 0037] In the embodiment, the video is composed of video frames. These video frames
are composed or played in a certain time sequence to form dynamic continuous audio and

video information.

[ 0038] The current original frame is a video frame to be compressed. In the embodiment,
the first motion information is obtained according to the current original frame and the
previous reconstruction frame. Herein, the previous reconstruction frame may be a video
frame reconstructed based on compression information obtained from the previous
compressed video frame. The previous reconstruction frame corresponds to the previous

original frame.

[ 0039] In the embodiment, one video frame corresponds to one reconstruction frame.
As the video frames are numbered in a certain sequence, the reconstruction frames are also
numbered in a certain sequence. If the current original frame is an n™ frame of the video,

the previous reconstruction frame is a reconstruction frame of an (n-1)" frame of the video.

[ 0040] If the current original frame is the start frame of the video, i.e., the first frame,

the reconstruction frame of the first frame may be formed as follows.
[ 0041] The start frame is input to an encoder to obtain encoding information.

[ 0042] The encoding information is input to a decoder to obtain the reconstruction
frame of the start frame. The reconstruction frame of the start frame may be used in

reconstruction of the second frame of the video.

[ 0043] Step S101 to Step S103 may be used to process non-start frames of the video.
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[ 0044] The first motion information may be used to describe a motion condition of a

target pattern in the current original frame and the previous original frame.

[ 0045] For example, the compressed video is a video of a ball game, and differences of
one or more team members between different video frames in the video may be described

by the first motion information.

[ 0046] The first motion information may specifically be per-pixel differential

information between the current original frame and the previous reconstruction frame.

[ 0047] After the first motion information is obtained, the current prediction frame is
obtained based on the first motion information and the previous reconstruction frame. For
example, specifically, the previous reconstruction frame is projected to obtain a projection
frame, and the projection frame is rectified based on the first motion information to obtain
the current prediction frame. Herein, the operation that the projection frame is rectified
based on the first motion information may include that: pixel coordinates of corresponding
pixels in the projection frame are adjusted according to a motion amount of the target
pattern in two frames adjacent in time, thereby obtaining the rectified current prediction
frame. Certainly, here is only an example. Specifically, there are many manners for
acquiring the current prediction frame based on the previous reconstruction frame and the
first motion information, and there are no limits on the above manner. The current
prediction frame corresponds to a decompression restored video frame that is obtained
based on the first residual information and the previous decompression restored frame
during decompression of the video. In some embodiments, the previous reconstruction
frame and differential information between two adjacent video frames that is characterized
by the first motion information may be subjected to weighted summation in a per-pixel

manner, to obtain the current prediction frame.

[ 0048] After the current prediction frame is obtained, the current prediction frame and
the current original frame are subjected to differential processing and the like, such that
the first residual information may be obtained. The first residual information may
specifically reflect differential information between the current prediction frame and the

current original frame.

[ 0049] In the embodiment, after the first residual information and the first motion



information are encoded, the video compression information can be obtained. Both the first
residual information and the first motion information indicate the differential information,
and therefore compared with the case where the current original frame is directly output,

the data size may be greatly reduced, thus implementing compression of the video.
[ 0050] As shown in FIG. 2B, Step S100 may further include the following step.

[ 0051] In S104, a current reconstruction frame is obtained according to the first residual
information and the current prediction frame. The current reconstruction frame and a next
original frame are used jointly to obtain first motion information for compression of the

next original frame.

[ 0052] In the embodiment, the first residual information and the current prediction
frame may be used to obtain the current reconstruction frame, and the current

reconstruction frame may be used for compression of the next original frame.

[ 0053] In the embodiment, the previous reconstruction frame is obtained based on the
first residual information corresponding to the previous original frame, and the previous
prediction frame. Therefore, in the embodiment, Step S101 to Step S104 form a circular

process of the video compression.

[ 0054] In some embodiments, Step S102 may include the following operations.

[ 0055] A motion feature is obtained by encoding based on the first motion information.
[ 0056] Second motion information is obtained by decoding based on the motion feature.
[ 0057] The current prediction frame is obtained based on the previous reconstruction

frame and the second motion information.

[ 0058] Specifically, as shown in FIG. 3, Step S102 may include the following steps.

[ 0059] In S1021: the first motion information is encoded to obtain a first motion feature.
[ 0060] In S1022: the first motion feature is quantized to obtain a second motion feature.
[ 0061] In S1023: the second motion feature is decoded to obtain the reconstructed

second motion information.



[ 0062] In S1024: the current prediction frame is obtained according to the previous

reconstruction frame and the second motion information.

[ 0063] In some embodiments, the first motion information may be information obtained
based on comparisons of different frames. The first motion information may be uncoded
pixel information in the previous frame. In the embodiment, the first motion information
is firstly encoded. For example, the first motion information is encoded by using a
predetermined video encoding format to obtain the first motion feature; and at this time,
the obtained first motion feature may be considered as analog information to be further

quantized.

[ 0064] In Step S1022, the first motion feature is quantized to obtain the quantized

second motion feature.

[ 0065] There are many ways for quantizing the first motion feature. For example, the
first motion feature is rounded off to obtain the second motion feature. For another example,
the first motion feature is rounded up to an integer to obtain the second motion feature. For
yet another example, the first motion feature is rounded down to an integer to obtain the

second motion feature.

[ 0066] In a training stage of the end-to-end model, the operation that the first motion

feature is quantized may further include the following operation.

[ 0067] The first motion feature is added with a preset noise to obtain the second motion
feature. As gradient solving of the model is involved in the training process of the model,
if the first motion feature is directly rounded off or rounded up to the integer or rounded
down to the integer, the gradient solving will become difficult, thus causing abnormality
of the training of the end-to-end model. In some embodiments, by introducing the preset
noise, the gradient solving may be implemented, thus facilitating training of the end-to-

end model.

[ 0068] After the second motion feature is obtained, the decoding is performed based on
the second motion feature, thereby simulating the decoding of the second motion feature
in a video compression decoding process by the decoding terminal, to obtain the

reconstructed second motion information.



[ 0069] At last, in Step S1024, the current prediction frame is generated based on the

second motion information and the previous reconstruction frame.

[ 0070] In some embodiments, Step S1021 may specifically include the following
operations.
[ 0071] A first convolutional layer convolutes the first motion information to obtain a

first encoded value.

[ 0072] A first normalization layer normalizes the first encoded value to obtain a first

normalized value.

[ 0073] An n convolutional layer convolutes an (n-1)" normalized value output by an

(n-1)th normalization layer to obtain an n™ encoded value.

[ 0074] An n™ normalization layer normalizes the n'" encoded value to obtain an n™

normalized value.

[ 0075] An N™ convolutional layer normalizes an (N-1)" normalized value to obtain the

first motion feature.

[ 0076] n is a positive integer greater than 1 and smaller than the N, and N denotes the

number of convolutional layers.

[ 0077] In the embodiment, a convolutional network may be used to encode the first
motion information into the first motion feature. The convolutional network may include:
N convolutional layers and (N-1) normalization layers. The convolutional layers and the
normalization layers may be distributed alternately. As such, the first convolutional layer
(i.e., the 1% convolutional layer) of the convolutional network directly receives the first
motion information, and convolutes the first motion information to obtain the first encoded
value. After the first encoded value is obtained, the first normalization layer (i.e., the 1%
normalization layer) normalizes the first encoded value. The normalization of the first
encoded value herein may be implemented by various normalization methods. There are a
variety of specific implementations, and details are not repeated. The normalization herein

may also be referred to as a normalized operation.

[ 0078] By repeatedly executing N times of convolution and (N-1) times of

9



normalization, the n'" encoded value output by the N convolution layer, i.e., the first

motion feature, is obtained.

[ 0079] N may be a positive integer not smaller than 2. In some embodiments, the N may

be 3, 4 or 5 or the like.

[ 0080] In the embodiment, the convolutional parameter used by the first convolutional
layer to the N convolutional layer may be the same. For example, the convolutional
parameter may be (M1, M2, S1). M1 denotes an M1*M1 convolution kernel. For instance,
M1 may be 3 or 4 or the like. M2 denotes the number of outputs of the convolutional layer.
For example, M2 may be 128, 256 or 512 or the like. S2 may be a step size at which the
convolution kernel moves. For instance, S1 may be 1 or 2 or the like. If S1 is equal to 1,
after an image is input to the convolutional layer for convolution, the obtained output
image is maintained unchanged in image size. If the S2 is 2 or a positive integer greater
than 2, after the image is input to the convolutional layer for convolution, the obtained

image is reduced in size.
[ 0081] In some embodiments, Step S1023 may include the following operations.

[ 0082] A first deconvolutional layer deconvolutes the first motion feature to obtain a

first decoded value.

[ 0083] A first denormalization layer denormalizes the first decoded value to obtain a

first denormalized value.

[ 0084] An n' deconvolutional layer deconvolutes an (n-1)" denormalized value output

by an (n-1)" denormalization layer, to obtain an n™ decoded value.

[ 0085] An n'" denormalization layer normalizes the n™ decoded value, to output an n®

denormalized value.

[ 0086] An N deconvolutional layer deconvolutes an (N-1)" denormalized value, to

obtain the second motion information.

[ 0087] n is a positive integer greater than 1 and smaller than the N, and N denotes the

number of convolutional layers.

[ 0088] In the embodiment, the decoding of the second motion feature is an inverse
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process of the encoding of the first motion information. In the embodiment, the second
motion information is obtained by using a deconvolutional network. The deconvolutional
network includes the same number of deconvolutional layers as the number of the
convolutional layers for encoding in the convolutional network. The number of
denormalization layers included in the deconvolutional network is the same as the number
of normalization layers in the convolutional network for encoding. The deconvolutional
layers and the denormalization layers are distributed alternately in the deconvolutional
network. In the embodiment, the deconvolutional parameter used by the first
deconvolutional layer to the (N-1)" deconvolutional layer corresponds to the convolutional
parameter used in the encoding process, and may be (M1, M2, S1). The deconvolutional
parameter of the N™ deconvolutional layer may be different. For example, the convolution
kernel used by the N deconvolutional layer and the convolution kernel used by the first
deconvolutional layer to the (N-1)" deconvolutional layer are the same and both are an
M1*M1 convolution kernel. However, the number of input channels may be changed. For
example, the deconvolutional parameter used by the first deconvolutional layer to the (N-
1)™ deconvolutional layer is (3,128,2), and the deconvolutional parameter used by the N

deconvolutional layer may be (3,2,2).

[ 0089] In the embodiment, the encoder for the first motion information and the decoder
for the second motion feature may be connected together by a quantization network. FIG.
4 is a schematic diagram of a network structure for encoding and decoding motion
information. In FIG. 4, GND denotes the normalization layer, the IGDN denotes the
denormalization layer, Conv denotes the convolutional layer, and Deconv denotes the

Y

deconvolutional layer. In FIG. 4, " represents the first motion information, Vi represents

A

the second motion information, " denotes the first motion feature, and " denotes the

second motion feature. Q is a quantization operation.

[ 0090] In some embodiments, as shown in FIG. 5, Step S103 may include the following
steps.
[ 0091] In S1031, the first residual information is obtained according to the current

original frame and the current prediction frame.
[ 0092] In S1032: the first residual information is encoded to obtain a first residual
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feature.

[ 0093] In S1033: the first residual feature is quantized to obtain a second residual
feature.
[ 0094] The second residual feature and the second motion feature formed based on the

first motion information are constituent parts of the video compression information.

[ 0095] In the embodiment, the first residual information is obtained based on the current
original frame and the current prediction frame. For example, the current original frame
and the current prediction frame are directly compared in a per-pixel manner to obtain the

first residual information.

[ 0096] Then, the first residual information is encoded to obtain the first residual feature.
Likewise, the first residual feature is quantized necessarily to obtain the second residual
feature. Herein, the quantization may include that: the first residual feature is rounded off,
the first residual feature is rounded up to an integer, or the first residue feature is rounded

down to an integer.

[ 0097] During the training stage, the first residual feature may also be added with a

predetermined noise to obtain the second residual feature.
[ 0098] In some embodiments, Step S1024 may include the following operations.

[ 0099] The previous reconstruction frame, the second motion information and a
projection frame are spliced to obtain a first splicing frame, the projection frame being
generated based on convolution of the previous reconstruction frame and the second

motion information.
[ 00100] The first splicing frame is convoluted to obtain a first convolutional frame.

[00101] (S+1) times of first residual processing and S times of pooling processing are
performed on the first convolutional frame to obtain a first intermediate frame, the first

residual processing and the pooling processing being performed alternately.

[ 00102] (S+1) times of second residual processing and S times of upsampling processing
are performed on the first intermediate frame to obtain a second intermediate frame, the

second residual processing and the upsampling processing being performed alternately.
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[ 00103] Second convolutional processing is performed on the second intermediate frame

to obtain a second convolutional frame.

[ 00104] Third convolutional processing is performed on the second convolutional frame

to obtain the current prediction frame.
[ 00105] S may be 2, 3 or 4 or the like.

[ 00106] In the embodiment, the previous reconstruction frame, the second motion
information and the projection frame are spliced to obtain the first splicing frame. For
example, the previous reconstruction frame may be a W*H*C1 image frame, the second
motion information may be W*H*C2, and the projection frame is a W*H*C3 image frame;
and then, the first splicing frame obtained by splicing the previous reconstruction frame,
the second motion information and the projection frame may be a W*H*(C1+C2+C3)
image frame. In the first splicing frame, the data length of each pixel is changed from
original C1, C2 or C3 to C1+C2+C3. The projection frame may be an image frame obtained
by convoluting the previous reconstruction frame and the second motion information. For
example, by convoluting the previous reconstruction frame and the first motion
information, the projection frame including the same number of pixels as that of the

previous reconstruction frame may be obtained.
[ 00107] For example, if S is equal to 3, Step S1024 may include the following operations.

[ 00108] The previous reconstruction frame, the second motion information and a
projection frame are spliced to obtain a first splicing frame, the projection frame being
generated based on convolution of the previous reconstruction frame and the second

motion information.
[ 00109] The first splicing frame is convoluted to obtain a first convolutional frame.

[ 00110] After linear rectification and convolution processing are performed on the first
convolutional frame, residual processing is performed on the first convolutional frame to

obtain a first residual frame.

[00111] Pooling processing is performed on the first residual frame to obtain a first

pooling frame.
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[00112] After the linear rectification and the convolution processing are performed on
the first pooling frame, the residual processing is performed on the first pooling frame to

obtain a second residual frame.

[00113] The pooling processing is performed on the second residual frame to obtain a

second pooling frame.

[00114] After the linear rectification and the convolution processing are performed on
the second pooling frame, the residual processing is performed on the second pooling

frame to obtain a third residual frame.

[00115] After the linear rectification and the convolution processing are performed on
the third residual frame, the residual processing is performed on the third residual frame to

obtain a fourth residual frame.
[ 00116] The fourth residual frame is upsampled to obtain a first upsampling frame.

[00117] After the linear rectification and the convolution processing are performed on a
second splicing frame, the residual processing is performed on the second splicing frame
to obtain a fifth residual frame, the second splicing frame being generated based on the

first upsampling frame and the second residual frame.
[ 00118] The fifth residual frame is upsampled to obtain a second upsampling frame.

[00119] After the linear rectification and the convolution processing are performed on a
third splicing frame, the residual processing is performed on the third splicing frame to
obtain a sixth residual frame, the third splicing frame being generated based on the second

upsampling frame and the first residual frame.

[ 00120] The sixth residual frame is convoluted to obtain a second convolutional frame.

[ 00121] The second convolutional frame is convoluted to obtain the current prediction
frame.

[ 00122] Upon the completion of the splicing, the first splicing frame is obtained; after

the first splicing frame is convoluted, the residual processing and the pooling processing
are performed for a predetermined number of times alternately; then, the residual

processing and the upsampling processing are performed for a predetermined number of
14



times alternately; next, the convolution is performed; and at last, the current prediction

frame is output.

[ 00123] FIG. 6 is a flowchart schematic diagram of a method for obtaining a current

W()%t—l > ‘A}z

prediction frame. In FIG. 6, Vi denotes the second motion information, ) denotes

A

the projection frame, and the Y1 denotes the previous reconstruction frame.

[ 00124] In some embodiments, the upsampling processing is performed in a bilinear

interpolation manner.

[ 00125] In the embodiment, the bilinear interpolation may implement upsampling of the
data by interpolation in an X direction and a Y direction. The X direction and the Y
direction are directions perpendicular to each other. For example, in the image frame, the
interpolation may be performed on two adjacent pixel values in rows and columns

respectively, thereby increasing the number of pixels included in the image frame.

[ 00126] In some embodiments, a loss value of the end-to-end model is determined based
on the first motion information, the first residual information, the current original frame

and the current prediction frame by use of the loss function.

[ 00127] Specifically, for example, the first motion information is encoded and quantized
to obtain the second motion feature, the first residual information is encoded and quantized
to obtain the second residual feature, and both the second motion feature and the second

residual feature may be used as independent variables of the loss function to calculate the

loss value.
[ 00128] In some embodiments, the loss function may include:
Loss =d(x,,%,) + A(H (m,)+ H(Y,))
[ 00129] where L0ss s the loss value, d(x, %) is the distortion value between the

current frame and the current reconstruction frame, M, is the second motion feature
obtained by encoding and quantizing the first residual information, Yt is the second

residual feature obtained by encoding and quantizing the first residual information, H(m,)
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is the number of codewords obtained by encoding " H(,) is the number of codewords

obtained by encoding Yt and 4 is a balance coefficient between the code rate and the

distortion.

d(x,,x,

[ 00130] In some embodiments, ) may be a Peak Signal to Noise Ratio (PSNR)

between the current original frame and the current reconstruction frame. For example,
PSNR=10*log10((2"n-1)"2/MSE), MSE being a mean square error between the current

original frame and the current reconstruction frame.

[00131] In some embodiments, d(x, %) may be determined based on a Structural
Similarity Index (SSIM) or a Multi-Scale-Structural Similarity Index (MS-SSIM) between

the current original frame and the current reconstruction frame.

[ 00132] The code rate on the ™ and the code rate on the Y are the same, so the " and

the ¢ have the same cost. At this time, the 4 is the balance coefficient between the code

rate and the distortion. In a case where the 4 keeps unchanged, the larger the number of
codewords obtained by encoding the " and the ¥ is, the larger the loss value is; and the

smaller the number of codewords obtained by encoding the M and the Y is, the smaller

the loss value is.

[ 00133] In some embodiments, 4 is adjustable, and different end-to-end models have

d(x,,x,

different 4. The larger the 4 is, the smaller the influence of the ) is, and the larger

the influence of the code rate on the loss of the end-to-end model is.

[ 00134] In the embodiment, when the 4 of the loss function is large enough, the loss

function may be equivalent to:

Loss = A(H(m,)+ H(3,)) _

[ 00135] In a case where the number of codewords obtained by encoding the end-to-end

model is relatively small or the 4 is relatively small, the loss function may be equivalent

to:
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Loss =d(x,,x,)

[ 00136] To sum up, the end-to-end model is used in the embodiment for video
compression encoding, such that the obtained video compression information may well
balance the code rate and the video distortion. On one hand, the restoration effect of the
compressed video is ensured, and on the other hand, the enough compression rate may be
guaranteed, and therefore a good balance is achieved between the video compression effect

and the compression rate.

[ 00137] An embodiment provides a video compression processing apparatus, which may

include: a video compression module.

[ 00138] The video compression module is configured to use an end-to-end model trained
with a single loss function to perform video compression to obtain video compression

information.

[ 00139] In the embodiment, the end-to-end module may include multiple deep learning
models for video compression. Nevertheless, these deep learning models use the same loss
function to calculate the loss, such that the loss output of the whole end-to-end module
may be well controlled, the compression effect of video compression is ensured, and a

good balance is achieved between the code rate and the distortion.

[ 00140] In some embodiments, the video compression processing apparatus may further
include: a storage module, configured to store information. For example, the storage
module may be configured to cache a reconstruction frame of a current original frame or a
previous original frame, etc. The storage module is connected to the video compression
module, and configured to provide an information storage space for video compression

processing.

[00141] In some embodiments, as shown in FIG. 7, the video compression module may
include: a motion estimation module 101, a current prediction frame module 102, and a

residual processing module 103.

[00142] The motion estimation module 101 is configured to obtain first motion

information according to a current original frame and a previous reconstruction frame.
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00143 The current prediction frame module 102 is configured to obtain a current
p g
prediction frame according to the first motion information and the previous reconstruction

frame.

[ 00144] The residual processing module 103 is configured to obtain first residual
information according to the current original frame and the current prediction frame. The
first motion information and the first residual information form the video compression

information.

[ 00145] In some embodiments, as shown in FIG. 7, the video compression module may

further include: a reconstruction frame module 104.

[00146] The reconstruction frame module 104 is configured to obtain a current
reconstruction frame according to the first residual information and the current prediction
frame. The current reconstruction frame and a next original frame are used jointly to obtain

first motion information for compression of the next original frame.

[00147] In some embodiments, the current prediction frame module 102 may be
configured to obtain a motion feature based the first motion information; perform decoding
based on the motion feature, to obtain second motion information; and obtain the current
prediction frame based on the previous reconstruction frame and the second motion

information.

[ 00148] In some embodiments, the current prediction frame module 102 may include: a
motion information encoder submodule, a first quantization submodule, a motion

information decoder submodule and a motion compensation submodule.

[ 00149] The motion information encoder submodule is configured to encode the first

motion information to obtain a first motion feature.

[ 00150] The first quantization submodule is configured to quantize the first motion

feature to obtain a second motion feature.

[ 00151] The motion information decoder submodule is configured to decode the second

motion feature to obtain the reconstructed second motion information.

[ 00152] The motion compensation submodule is configured to obtain the current
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prediction frame according to the previous reconstruction frame and the second motion

information.

[ 00153] In some embodiments, the motion information encoder submodule may include:
a first convolutional layer, a first normalization layer, an n convolutional layer, an n™

normalization layer, and an N deconvolutional layer.

[ 00154] The motion information encoder submodule may include: the first convolutional
layer, the first normalization layer, the nt convolutional layer, the n™ normalization layer,

and the N'" deconvolutional layer.

[ 00155] The first convolutional layer is configured to convolute the first motion

information to obtain a first encoded value.

[ 00156] The first normalization layer is configured to normalize the first encoded value

to obtain a first normalized value.

[ 00157] The n'" convolutional layer is configured to convolute an (n-1)th normalized

value output by an (n-1)th normalization layer to obtain an n'" encoded value.

[ 00158] The n'™ normalization layer is configured to normalize the n'" encoded value to

h

obtain an n'" normalized value.

[ 00159] The N% deconvolutional layer is configured to deconvolute an (N-1)®

denormalized value to obtain the second motion information.

[ 00160] n is a positive integer greater than 1 and smaller than N, and N denotes the

number of convolutional layers.

[ 00161] In some embodiments, the motion information decoder submodule may include:
a first deconvolutional layer, a first denormalization layer, an n'™ deconvolutional layer, an

n™ denormalization layer, and an N deconvolutional layer.

[ 00162] The first deconvolutional layer is configured to deconvolute the first motion

feature to obtain a first decoded value.

[ 00163] The first denormalization layer is configured to denormalize the first decoded

value to obtain a first denormalized value.
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[ 00164] The n™ deconvolutional layer is configured to deconvolute an (n-1)®
denormalized value output by an (n-1)" denormalization layer, to obtain an n'" decoded

value.

[ 00165] The n" denormalization layer is configured to normalize the n™ decoded value

to output an n denormalized value.

[ 00166] The N% deconvolutional layer is configured to deconvolute an (N-1)®

denormalized value to obtain the second motion information.

[00167] n is a positive integer greater than 1 and smaller than the N, and N is a number

of convolutional layers.

[ 00168] In some embodiments, the residual processing module 103 may include: a
residual information obtaining submodule, a residual encoder submodule and a second

quantization submodule.

[ 00169] The residual information obtaining submodule is configured to obtain the first
residual information according to the current original frame and the current prediction

frame.

[ 00170] The residual encoder submodule is configured to encode the first residual

information to obtain a first residual feature.

[00171] The second quantization submodule is configured to quantize the first residual

feature to obtain a second residual feature.

[ 00172] The second residual feature, and the second motion feature formed based on the

first motion information are constituent parts of the video compression information.

[ 00173] In some embodiments, the motion compensation submodule may include: a
splicing layer, a first convolution layer, a first intermediate processing block, a second

intermediate processing block, a second convolutional layer and a third convolutional layer.

[ 00174] The splicing layer is configured to splice the previous reconstruction frame, the
second motion information and a projection frame to obtain a first splicing frame. The
projection frame is generated based on convolution of the previous reconstruction frame

and the second motion information.
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[ 00175] The first convolutional layer is configured to convolute the first splicing frame

to obtain a first convolutional frame.

[ 00176] The first intermediate processing block is configured to perform (S+1) times of
first residual processing and S times of pooling processing based on the first convolutional
frame to obtain a first intermediate frame. The first residual processing and the pooling

processing are performed alternately.

[00177] The second intermediate processing block is configured to perform (S+1) times
of second residual processing and S times of upsampling processing on the first
intermediate frame to obtain a second intermediate frame. The second residual processing

and the upsampling processing are performed alternately.

[ 00178] The second convolutional layer is configured to perform second convolutional

processing on the second intermediate frame to obtain a second convolutional frame.

[ 00179] The third convolutional layer is configured to perform third convolutional

processing on the second convolutional frame to obtain the current prediction frame.

[ 00180] In some embodiments, the first intermediate layer may include one or more
residual block and pooling layers; and/or, the second intermediate layer may include one

or more residual blocks and upsampling layers.

[ 00181] For example, the first intermediate layer may include: a first residual block, a
first pooling layer, a second residual block, a second pooling layer, and a third residual
block.

[ 00182] The first residual block is configured to perform, after performing linear
rectification and convolution processing on the first convolutional frame, residual

processing on the first convolutional frame to obtain a first residual frame.

[ 00183] The first pooling layer is configured to perform pooling processing on the first

residual frame to obtain a first pooling frame.

[ 00184] The second residual block is configured to perform, after performing the linear
rectification and the convolution processing on the first pooling frame, the residual

processing on the first pooling frame to obtain a second residual frame.
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[ 00185] The second pooling layer is configured to perform the pooling processing on the

second residual frame to obtain a second pooling frame.

[ 00186] The third residual block is configured to perform, after performing the linear
rectification and the convolution processing on the second pooling frame, the residual

processing on the second pooling frame to obtain a third residual frame.
[ 00187] And/or,

[ 00188] The second intermediate layer may include: a fourth residual block, a first
upsampling layer, a fifth residual block, a second upsampling layer, a sixth residual block,

a second convolutional layer and a third convolutional layer.

[ 00189] The fourth residual block is configured to perform, after performing the linear
rectification and the convolution processing on the third residual frame, the residual

processing on the third residual frame to obtain a fourth residual frame.

[ 00190] The first upsampling layer is configured to upsample the fourth residual frame

to obtain a first upsampling frame.

[00191] The fifth residual block is configured to perform, after performing the linear
rectification and the convolution processing on a second splicing frame, the residual
processing on the second splicing frame to obtain a fifth residual frame, the second splicing

frame being generated based on the first upsampling frame and the second residual frame.

[ 00192] The second upsampling layer is configured to upsample the fifth residual frame

to obtain a second upsampling frame.

[ 00193] The sixth residual block is configured to perform, after performing the linear
rectification and the convolution processing on a third splicing frame, the residual
processing on the third splicing frame to obtain a sixth residual frame, the third splicing

frame being generated based on the second upsampling frame and the first residual frame.

[ 00194] The second convolutional layer is configured to convolute the sixth residual

frame to obtain a second convolutional frame.

[ 00195] The third convolutional layer is configured to convolute the second

convolutional frame to obtain the current prediction frame.
22



[ 00196] In some embodiments, the upsampling processing uses a bilinear interpolation

manncr.

[ 00197] In some embodiments, a loss value of the end-to-end model is determined based
on the first motion information, the first residual information, the current original frame

and the current prediction frame by the use of the loss function.
[ 00198] In some embodiments, the loss function may include:

Loss =d(x,,x,)+ A(H(m,)+ H(3,))

d(x,,x,

[ 00199] where, the L0Ss is the loss value, the ) is the distortion value between

A

the current frame and the current reconstruction frame, the M, is the second motion feature

obtained by encoding and quantizing the first residual information, the Yt is the second
residual feature obtained by encoding and quantizing the first residual information, the

H(m,) is the number of codewords obtained by encoding the " the H(y,) is the number

of codewords obtained by encoding the Yt andthe 4 is a balance coefficient between the

code rate and the distortion.

[ 00200] A specific example is provided below in combination with the above any
embodiment.
[ 00201] The example establishes a complete end-to-end optimized video compression

system based on deep learning. All key modules for video encoding may include: a motion
estimation module, a motion compensation module, a motion information compression
module, a residual information compression module, a quantization module and a code
rate estimation module, etc. All modules are implemented by the use of a deep neutral

network, and may implement the complete end-to-end optimization.

[ 00202] During optimization, the video compression architecture based on the deep
neutral network provided by the example gives full considerations to the balance between
quality of a reconstructed image and a code rate required by compression, and can

implement higher compression efficiency.

[ 00203] Concerning motion estimation and motion information compression, the
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example uses an optical flow obtained through a correpsonding optical flow estimation

neutral network, as motion information.

[ 00204] At the meantime, the example provides a motion information compression

network to perform the following processing for video compression.

[ 00205] First step: an estimated optical flow is compressed to obtain a corresponding
motion feature, and the motion feature is quantized and then decoded by a motion decoder

to obtain corresponding reconstruction motion information.

[ 00206] Second step: motion compensation is performed, including that: motion
compensation is performed on the reconstruction motion information obtained in the first

step, and residual information is calculated according to a motion compensation result.

[ 00207] Third step: residual encoding is performed, including that: the residual
information in the second step is firstly encoded by a residual encoder and then quantized
to obtain a quantized residual feature. Then, the quantized residual is decoded by a residual

decoder to obtain a corresponding reconstruction residual.

[ 00208] Fourth step: entropy encoding is performed, including that: the number of
encoded codewords is estimated according to the motion feature obtained in the first step
and the residual feature obtained in the third step. Herein, the codewords obtained by the

entropy encoding may serve as video compression information to output.

[ 00209] Fifth step: reconstruction is performed, including: the motion compensation
frame obtained in the second step and the reconstruction residual obtained in the third step

are added together to obtain a final reconstruction image, namely, an encoded image.

[ 00210] Sixth step: for the motion estimation and the motion information compression,
the example uses a optical flow estimation neutral network Spynet to obtain the
corresponding motion information. Other learning-based optical flow networks may also
be used herein. In order to compress the motion information, a network of an auto-encoder

type is provided to compress the motion information.

[00211] As shown in FIG. 8, the motion information obtained by the optical flow

network is "; and the motion information firstly passes through a motion information
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encoder submodule (MV Encoder Net) to obtain the motion feature " the Q denotes a

quantization operation; and the quantized result is " The ™ passes through a MV

Decoder Net to obtain corresponding reconstructed motion information Vi | The

corresponding MV Encoder Net and MV Decoder Net are as illustrated in FIG. 6.

[00212] The convolutional parameter of the convolution layer may be conv(3, 128, 2);
and the conv(3, 128, 2) represents a standard convolutional operation of which the

convolution kernel is 3*3, the output channel is 128 and the step size is 2.

[ 00213] The deconvolutional parameter of the deconvolutional layer may be Deconv(3,
128, 2). The Deconv(3, 128, 2) represents a standard deconvolutional operation of which
the convolutional kernel is 3*3, the output channel is 128, and the step size is 2; the GDN

represents corresponding normalization, and the IGDN represents denormalization.

[ 00214] For the motion compensation, the example provides a motion compensation

network for obtaining a corresponding prediction frame % with the following specific

steps.

[ 00215] Firstly, referring to FIG. 9, with the reconstructed motion information, the

>

=

reconstruction frame “‘-! at the previous moment is projected to the current moment to
obtain the projection frame or the initial warped frame. Then, the warped frame, the
previous reconstruction frame and the reconstructed motion information are spliced

together, and input to a Convolutional Neural Network (CNN) to obtain the corresponding

prediction frame X, . In FIG. 9, the CNN denotes the convolutional network.

[ 00216] The convolutional network shown in FIG. 8 is illustrated in FIG. 10.

[ 00217] The W&, %,) denotes the projection frame. The residual block represents a
common residual network. The residual block may include: a Rectified Linear Unit (ReLU)
and a convolutional layer. The ReLU may be configured to rectify input data. For example,
the ReLU rectifies some abnormal values with an activation function, etc. The residual
block may include: ReLUs and convolutional layers having a same number, the ReLUs

and convolutional layers being arranged alternately. In the example, the ReLUs are
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arranged before the convolutional layers. For example, the residual block may include: two

ReLUs and two convolutional layers.

[ 00218] In the example, the prediction frame generation network may further include: a
pooling layer. The pooling layer performs downsampling on the image frame via a pooling
operation. The upsampling layer is a layer corresponding to the pooling layer. It may be
considered that the pooling layer and the upsampling layer are inverse to each other. In the

upsampling process, upsampling is performed by bilinear interpolation.

[ 00219] The residual encoder network (corresponding to the above residual encoder
submodule) and the residual decoder network (corresponding to the above residual decoder

submodule) are illustrated in FIG. 6.

[ 00220] Residual information may be obtained according to the prediction frame and
the original frame. The Yiis input to the residual encoder to obtain the residual feature Yi,

which is quantized to obtain Yi_ The Y1 is input to the residual decoder to obtain A
current correlation network for image compression may be used for both the residual

encoder network and the residual decoder network.

[ 00221] Entropy encoding is performed. The quantized motion feature " and the

quantized residual feature Yi are input to the corresponding code rate estimation network

to obtain the corresponding number of codewords.

[ 00222] An embodiment of the present disclosure provides an electronic device, which

may include:
[ 00223] a memory, configured to store information; and

[ 00224] a processor, connected to the memory, and configured to execute computer
executable instructions stored in the memory to implement the method for video
compression processing provided in the above one or more technical solutions, such as one
or more methods shown in FIG. 1, FIG. 2A, FIG. 2B, FIG. 3, FIG. 4, FIG. 5, FIG. 6, FIG.
8, FIG. 9 and FIG. 10.

[ 00225] The memory may be various types of memories, and may be a Random Access
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Memory (RAM), a Read-Only Memory (ROM) and a flash memory, etc. The memory may
be configured to store the information, for example, store the computer executable
instruction, etc. The computer executable instruction may be various program instructions,

such as a target program instruction and/or a source program instruction.

[ 00226] The processor may be various types of processors, such as a central processor, a
microprocessor, a digital signal processor, a programmable array, a digital signal processor,
an Application Specific Integrated Circuit (ASIC) or an image processor. The processor
may be connected to the memory through a bus. The bus may be an integrated circuit bus,

etc.

[ 00227] In the embodiment, the electronic device may be various types of electronic
devices in which a drawing client runs, such as a desktop, a notebook computer, a tablet

computer or a wearable device.

[ 00228] In some embodiments, the terminal device may further include: a
communication interface; and the communication interface may include: a network
interface such as a local area network interface, a transceiving antenna, etc. The
communication interface is likewise connected to the processor, and can be configured to

transceive the information.

[ 00229] In some embodiments, the terminal device may further include a man-machine
interaction interface. For example, the man-machine interaction interface may include

various input/output devices, such as a keyboard, and a mouse.

[ 00230] An embodiment of the present disclosure provides a computer storage medium;
the computer storage medium stores computer executable codes; and the computer
executable codes are executed to implement the method for video compression processing
provided in the above one or more technical solutions, such as one or more methods shown

in FIG. 1, FIG. 2 A, FIG. 2B, FIG. 3, FIG. 4, FIG. 5, FIG. 6, FIG. 8, FIG. 9 and FIG. 10.

[ 00231] The storage medium includes: various media capable of storing the program
code such as a mobile storage device, an ROM, an RAM, a magnetic disk or an optical

disc. The storage medium may be a non-instantaneous storage medium.

[ 00232] An embodiment of the present disclosure provides a computer program product;
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the computer program product includes computer executable instructions; and the
computer executable instructions are executed to implement the method for video
compression processing provided in the above any embodiment, such as one or more
methods shown in FIG. 1, FIG. 2A, FIG. 2B, FIG. 3, FIG. 4, FIG. 5, FIG. 6, FIG. §, FIG.
9 and FIG. 10.

[ 00233] In the several embodiments provided in the present disclosure, it should be
understood that the disclosed device and method may be implemented in other manners.
The device embodiment described above is only schematic, and for example, division of
the units is only logic function division, and other division manners may be adopted during
practical implementation. For example, multiple units or components may be combined or
integrated into another system, or some characteristics may be neglected or not executed.
In addition, coupling or direct coupling or communication connection between each
displayed or discussed component may be indirect coupling or communication connection,
implemented through some interfaces, of the device or the units, and may be electrical and

mechanical or adopt other forms.

[ 00234] The units described as separate parts may or may not be physically separated,
and parts displayed as units may or may not be physical units, and namely may be located
in the same place, or may also be distributed to multiple network units. Part of all of the
units may be selected according to a practical requirement to achieve the purposes of the

solutions of the embodiments.

[ 00235] In addition, each function unit in each embodiment of the present disclosure may
be integrated into a processing module, each unit may also exist independently, and two or
more than two units may also be integrated into one unit. The integrated unit may be
implemented in a hardware form, and may also be implemented in form of hardware and

software function unit.

[ 00236] Those of ordinary skill in the art should know that: all or part of the steps of the
abovementioned method embodiment may be implemented by instructing related hardware
through a program, the abovementioned program may be stored in a computer-readable
storage medium, and the program is executed to execute the steps of the abovementioned
method embodiment; and the storage medium includes: various media capable of storing

program codes such as mobile storage equipment, a Read-Only Memory (ROM), a
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Random Access Memory (RAM), a magnetic disk or an optical disc.

[ 00237] The above is only the specific implementation mode of the present disclosure
and not intended to limit the scope of protection of the present disclosure. Any variations
or replacements apparent to those skilled in the art within the technical scope disclosed by
the present disclosure shall fall within the scope of protection of the present disclosure.
Therefore, the scope of protection of the present disclosure shall be subjected to the scope

of protection of the claims.
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CLAIMS

1. A method for video compression processing, comprising:

performing video compression by using an end-to-end model trained with a single loss

function, to obtain video compression information.

2. The method of claim 1, wherein performing video compression by using the end-to-end
model trained with the single loss function, to obtain the video compression information,

comprises:

obtaining first motion information according to a current original frame and a previous

reconstruction frame;

obtaining a current prediction frame according to the first motion information and the

previous reconstruction frame; and

obtaining first residual information according to the current original frame and the
current prediction frame, the first motion information and the first residual information forming

the video compression information.

3. The method of claim 2, wherein performing video compression by using the end-to-end
model trained with the single loss function, to obtain the video compression information, further

comprises:

obtaining a current reconstruction frame according to the first residual information and
the current prediction frame, the current reconstruction frame and a next original frame being

used jointly to obtain the first motion information for compression of the next original frame.

4. The method of claim 2 or 3, wherein obtaining the current prediction frame according to the
first motion information and the previous reconstruction frame comprises:
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obtaining a motion feature based on the first motion information;
obtaining second motion information by decoding based on the motion feature; and

obtaining the current prediction frame based on the previous reconstruction frame and

the second motion information.

5. The method of claim 4, wherein obtaining the motion feature based on the first motion

information comprises:
encoding the first motion information to obtain a first motion feature;
wherein the method further comprises:
quantizing the first motion feature to obtain a second motion feature; and

wherein obtaining the second motion information by decoding based on the motion

feature comprises:

decoding the second motion feature to obtain the reconstructed second motion

information.

6. The method of claim 5, wherein encoding the first motion information to obtain the first

motion feature comprises:

convoluting, by a first convolutional layer, the first motion information to obtain a first

encoded value;

normalizing, by the first encoded value, the first encoded value to obtain a first

normalized value;

convoluting, by an nt" convolutional layer, an (n-1)" normalized value output by an (n-

1)™ normalization layer, to obtain an n™ encoded value;

normalizing, by an n™ normalization layer, the n™ encoded value, to obtain an n'

normalized value; and
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normalizing, by an N™ convolutional layer, an (N-1)" normalized value to obtain the

first motion feature,

where n is a positive integer greater than 1 and smaller than N, and N denotes a number

of convolutional layers.

7. The method of claim 6, wherein decoding the second motion feature to obtain the

reconstructed second motion information comprises:

deconvoluting, by a first deconvolutional layer, the first motion feature, to obtain a first

decoded value;

denormalizing, by a first denormalization layer, the first decoded value, to obtain a first

denormalized value;

deconvoluting, by an nt" deconvolutional layer, an (n-1)* denormalized value output by

an (n-1)" denormalization layer, to obtain an n™ decoded value;

normalizing, by an n denormalization layer, the n'™ decoded value, to output an n

denormalized value.

deconvoluting, by an N deconvolutional layer, an (N-1)" denormalized value, to obtain

the second motion information,

where n is a positive integer greater than 1 and smaller than the N, and N denotes a

number of deconvolutional layers.

8. The method of any one of claims 2 to 7, further comprising:
encoding the first residual information to obtain a first residual feature; and
quantizing the first residual feature to obtain a second residual feature,

wherein the second residual feature and the second motion feature formed based on the

first motion information are constituent parts of the video compression information.
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9. The method of claim 8, wherein obtaining the current prediction frame according to the

previous reconstruction frame and the second motion information comprises:

splicing the previous reconstruction frame, the second motion information and a
projection frame to obtain a first splicing frame, the projection frame being generated based on

convolution of the previous reconstruction frame and the second motion information;
convoluting the first splicing frame to obtain a first convolutional frame;

performing (S+1) times of first residual processing and S times of pooling processing
based on the first convolutional frame, to obtain a first intermediate frame, the first residual

processing and the pooling processing being performed alternately;

performing (S+1) times of second residual processing and S times of upsampling
processing on the first intermediate frame, to obtain a second intermediate frame, the second

residual processing and the upsampling processing being performed alternately;

performing second convolutional processing on the second intermediate frame to obtain

a second convolutional frame; and

performing third convolutional processing on the second convolutional frame to obtain

the current prediction frame.

10. The method of claim 9, wherein the upsampling processing is performed in a bilinear

interpolation manner.

11. The method of any one of claims 1 to 10, wherein a loss value of the end-to-end model is
determined with the single loss function, based on the first motion information, the first residual

information, the current original frame, and the current prediction frame.

12. An apparatus for video compression processing, comprising:
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a video compression module, configured to perform video compression by using an end-

to-end model trained with a single loss function, to obtain video compression information.

13. The apparatus of claim 12, wherein the video compression module comprises:

a motion estimation module, configured to obtain first motion information according to

a current original frame and a previous reconstruction frame;

a current prediction frame module, configured to obtain a current prediction frame

according to the first motion information and the previous reconstruction frame; and

a residual processing module, configured to obtain first residual information according
to the current original frame and the current prediction frame, the first motion information and

the first residual information forming the video compression information.

14. The apparatus of claim 13, wherein the video compression module further comprises:

a reconstruction frame module, configured to obtain a current reconstruction frame
according to the first residual information and the current prediction frame, the current
reconstruction frame and a next original frame being used jointly to obtain first motion

information for compression of the next original frame.

15. The apparatus of claim 13 or 14, wherein the current prediction frame module is configured

to:
obtain a motion feature based on the first motion information;
obtain second motion information by decoding based on the motion feature; and

obtain the current prediction frame based on the previous reconstruction frame and the

second motion information.
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16. The apparatus of claim 15, wherein the current prediction module comprises:

a motion information encoder submodule, configured to encode the first motion

information to obtain a first motion feature;

a first quantization submodule, configured to quantize the first motion feature to obtain

a second motion feature;

a motion information decoder submodule, configured to decode the second motion

feature to obtain reconstructed second motion information; and

a motion compensation submodule, configured to obtain the current prediction frame

according to the previous reconstruction frame and the second motion information.

17. The apparatus of claim 16, wherein the motion information encoder submodule comprises:

a first convolutional layer, configured to convolute the first motion information to obtain

a first encoded value;

a first normalization layer, configured to normalize the first encoded value to obtain a

first normalized value;

h

an n'M convolutional layer, configured to convolute an (n-1)" normalized value output

h

by an (n-1)" normalization layer to obtain an n™ encoded value;

h

an n'" normalization layer, configured to normalize the n'" encoded value to obtain an

n™ normalized value; and

an N'" deconvolutional layer, configured to deconvolute an (N-1)" denormalized value

to obtain the second motion information,

where n is a positive integer greater than 1 and smaller than N, and N denotes a number

of deconvolutional layers.

18. The apparatus of claim 16 or 17, wherein the motion information decoder submodule
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comprises:

a first deconvolutional layer, configured to deconvolute the first motion feature to obtain

a first decoded value;

a first denormalization layer, configured to denormalize the first decoded value to obtain

a first denormalized value;

an n" deconvolutional layer, configured to deconvolute an (n-1)" denormalized value

output by an (n-1)" denormalization layer to obtain an n" decoded value;

an n™ denormalization layer, configured to normalize the n decoded value to output an

n™ denormalized value; and

an N deconvolutional layer, configured to deconvolute an (N-1)" denormalized value

to obtain the second motion information,

where n is a positive integer greater than 1 and smaller than N, and N denotes a number

of deconvolutional layers.

19. The apparatus of any one of claims 13 to 18, wherein the residual processing module further

comprises:

a residual encoder submodule, configured to encode the first residual information to

obtain a first residual feature; and

a second quantization submodule, configured to quantize the first residual feature to

obtain a second residual feature,

wherein the second residual feature and the second motion feature formed based on the

first motion information are constituent parts of the video compression information.

20. The apparatus of claim 19, wherein the motion compensation submodule comprises:

a splicing layer, configured to splice the previous reconstruction frame, the second
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motion information and a projection frame to obtain a first splicing frame, the projection frame
being generated based on based on convolution of the previous reconstruction frame and the

second motion information; and

a first convolutional layer, configured to convolute the first splicing frame to obtain a

first convolutional frame;

a first intermediate processing block, configured to perform (S+1) times of first residual
processing and S times of pooling processing based on the first convolutional frame to obtain a
first intermediate frame, the first residual processing and the pooling processing being

performed alternately;

a second intermediate processing block, configured to perform (S+1) times of second
residual processing and S times of upsampling processing on the first intermediate frame to
obtain a second intermediate frame, the second residual processing and the upsampling

processing being performed alternately;

a second convolutional layer, configured to perform second convolutional processing

on the second intermediate frame to obtain a second convolutional frame; and

a third convolutional layer, configured to perform third convolutional processing on the

second convolutional frame to obtain the current prediction frame.

21. The apparatus of claim 20, wherein the upsampling processing is performed in a bilinear

interpolation manner.

22. The apparatus of any one of claims 12 to 21, wherein a loss value of the end-to-end model

is determined with the single loss function, based on the first motion information, the first

residual information, the current original frame, and the current prediction frame.

23. An electronic device, comprising;:
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a memory; and

a processor, connected to the memory, and configured to execute computer executable

instructions stored in the memory to implement the method of any one of claims 1 to 11.

24. A computer storage medium, storing computer executable instructions, wherein the
computer executable instructions are executed by a processor to implement the method of any

one of claims 1 to 11.

25. A program product, storing computer executable instructions, wherein the computer

executable instructions are executed to implement the method of any one of claims 1 to 11.
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