HUMAN DETECTION METHOD AND APPARATUS, COMPUTER
DEVICE AND STORAGE MEDIUM

TECHNICAL FIELD

[ 0001] The disclosure relates to the technical field of image processing, and
particularly to a human detection method and apparatus, a computer device and a storage

medium.

BACKGROUND

[ 0002] Along with the application of neural networks to the fields of images, videos,
voices, texts and the like, requirements of users on the accuracy of various neural-
network-based models have increased. Human detection in an image is an important
application scenario of the neural network, and requirements on the accuracy and

calculated data volume of human detection are relatively high.

SUMMARY

[ 0003] Embodiments of the disclosure aim at providing a human detection method

and apparatus, a computer device and a storage medium.

[ 0004] According to a first aspect, the embodiments of the disclosure provide a human
detection method, which may include that: an image to be detected is acquired; position
information of skeletal key points configured to represent a human skeletal structure and
position information of contour key points configured to represent a human contour are
determined based on the image to be detected; and a human detection result is generated
based on the position information of the skeletal key points and the position information

of the contour key points.



[ 0005] In the embodiments of the disclosure, the position information of the skeletal
key points configured to represent the human skeletal structure and the position
information of the contour key points configured to represent the human contour may be
determined from the image to be detected, and the human detection result may be
generated based on the position information of the skeletal key points and the position
information of the contour key points, so that the representation accuracy is improved,

and meanwhile, the calculated data volume is considered.

[ 0006] In addition, in the implementation mode of the disclosure, the human detection
result is obtained by use of the position information of the skeletal key points
representing the human skeletal structure and the position information of the contour key
points representing the human contour, so that information representing a human body is
richer, and application scenarios are more extensive, for example, image edition and

human body shape changing.

[ 0007] In an optional implementation mode, the contour key points may include main
contour key points and auxiliary contour key points, and there may be at least one

auxiliary contour key point between adjacent two of the main contour key points.

[ 0008] In the implementation mode, the human contour is represented through
position information of the main contour key points and position information of the
auxiliary contour key points, so that the human contour may be identified more

accurately, and the information amount is larger.

[ 0009] In an optional implementation mode, the operation that the position
information of the contour key points configured to represent the human contour is
determined based on the image to be detected may include that: position information of
the main contour key points is determined based on the image to be detected; human
contour information is determined based on the position information of the main contour
key points; and position information of multiple auxiliary contour key points is

determined based on the determined human contour information.

[ 0010] In the implementation mode, the position information of the main contour key

points and the position information of the auxiliary contour key points may be



determined more accurately.

[ 0011] In an optional implementation mode, the human detection result may include at
least one of: the image to be detected added with skeletal key point tags and contour key
point tags, or a data set including the position information of the skeletal key points and

the position information of the contour key points.

[ 0012] In the implementation mode, the image to be detected including the skeletal
key point tags and the contour key point tags may present a more direct visual impression,
and the data set including the position information of the skeletal key points and the
position information of the contour key points is more favorable for subsequent

processing.

[ 0013] In an optional implementation mode, the method may further include that: at
least one of the following operations are executed based on the human detection result:
human action recognition, human pose detection, human contour regulation, human body

image edition or human body mapping.

[ 0014] In the implementation mode, more operations may be implemented more
accurately and rapidly based on the human detection result with higher representation

accuracy and a smaller calculated data volume.

[ 0015] In an optional implementation mode, the operation that the position
information of the skeletal key points configured to represent the human skeletal
structure and the position information of the contour key points configured to represent
the human contour are determined based on the image to be detected may include that:
feature extraction is performed based on the image to be detected to obtain a skeletal
feature and a contour feature, and feature fusion is performed on the obtained skeletal
feature and contour feature; and the position information of the skeletal key points and
the position information of the contour key points are determined based on a feature

fusion result.

[ 0016] In the implementation mode, feature extraction may be performed on the
image to be detected to obtain the skeletal feature and the contour feature, and feature

fusion may be performed on the obtained skeletal feature and contour feature to further



obtain the position information of the skeletal key points configured to represent the
human skeletal structure and the position information of the contour key points
configured to represent the human contour. The human detection result obtained based on
this method may represent a human body with a smaller data volume, the skeletal feature
and contour feature of the human body are also extracted to represent the human body,

and improvement for the representation accuracy is considered at the same time.

[ 0017] In an optional implementation mode, the operation that feature extraction is
performed based on the image to be detected to obtain the skeletal feature and the
contour feature and feature fusion is performed on the obtained skeletal feature and
contour feature may include that: at least one time of feature extraction is performed
based on the image to be detected, and feature fusion is performed on a skeletal feature
and contour feature obtained by each time of feature extraction, the (i+1)th time of
feature extraction being performed based on a feature fusion result of the ith time of
feature fusion under the condition that multiple feature extractions are performed and i
being a positive integer; and the operation that the position information of the skeletal
key points configured to represent the human skeletal structure and the position
information of the contour key points configured to represent the human contour are
determined based on the feature fusion result may include that: the position information
of the skeletal key points and the position information of the contour key point are

determined based on a feature fusion result of the last feature fusion.

[ 0018] In the implementation mode, at least one time of feature extraction is
performed on the image to be detected, and feature fusion is performed on the skeletal
feature and contour feature obtained by each time of feature extraction, so that skeletal
feature points and contour feature points having a position correlation may be mutually
corrected, and the finally obtained position information of the skeletal key points and

position information of the contour key points are higher in accuracy.

[ 0019] In an optional implementation mode, the operation that at least one time of
feature extraction is performed based on the image to be detected may include that: in the
first time of feature extraction, a first target skeletal feature matrix of the skeletal key

points configured to represent the human skeletal feature and a first target contour feature



matrix of the contour key points configured to represent the human contour feature are
extracted from the image to be detected by use of a first feature extraction network which
is pre-trained; and in the (i+1)th time of feature extraction, the first target skeletal feature
matrix of the skeletal key points configured to represent the human skeletal feature and
the first target contour feature matrix of the contour key points configured to represent
the human contour feature are extracted from the feature fusion result of the ith time of
feature fusion by use of a second feature extraction network which is pre-trained,
network parameters of the first feature extraction network and the second feature
extraction network being different and network parameters of the second feature

extraction network for different times of feature extraction being different.

[ 0020] In the embodiment, at least one time of extraction and at least one time of
fusion are performed on the skeletal feature and the contour feature, and the finally
obtained position information of the skeletal key points and position information of the

contour key points are higher in accuracy.

[ 0021] In an optional implementation mode, the operation that feature fusion is
performed on the obtained skeletal feature and contour feature may include that: feature
fusion is performed on the first target skeletal feature matrix and the first target contour
feature matrix by use of a feature fusion neural network which is pre-trained to obtain a
second target skeletal feature matrix and a second target contour feature matrix. The
second target skeletal feature matrix may be a three-dimensional skeletal feature matrix,
the three-dimensional skeletal feature matrix may include two-dimensional skeletal
feature matrices respectively corresponding to all skeletal key points, and a value of each
element in the two-dimensional skeletal feature matrix may represent a probability that a
pixel corresponding to the element is the corresponding skeletal key point. The second
target contour feature matrix may be a three-dimensional contour feature matrix, the
three-dimensional contour feature matrix may include two-dimensional contour feature
matrices respectively corresponding to all contour key points, and a value of each
element in the two-dimensional contour feature matrix may represent a probability that a
pixel corresponding to the element is to the corresponding contour key point. Network
parameters of the feature fusion neural network for different time of feature fusions may

be different.



[ 0022] In the implementation mode, the skeletal feature and the contour feature are
fused based on the pre-trained feature fusion network, so that a better feature fusion
result may be obtained, and the finally obtained position information of the skeletal key

points and position information of the contour key points are higher in accuracy.

[ 0023] In an optional implementation mode, the operation that the position
information of the skeletal key points and the position information of the contour key
points are determined based on the feature fusion result of the last time of feature fusion
may include that: the position information of the skeletal key points is determined based
on the second target skeletal feature matrix obtained by the last time feature fusion; and
the position information of the contour key points is determined based on the second

target contour feature matrix obtained by the last time of feature fusion.

[ 0024] In the implementation mode, by at least one time of feature extraction and
feature fusion, the finally obtained position information of the skeletal key points and

position information of the contour key points are higher in accuracy.

[ 0025] In an optional implementation mode, the first feature extraction network may
include a common feature extraction network, a first skeletal feature extraction network
and a first contour feature extraction network, and the operation that the first target
skeletal feature matrix of the skeletal key points configured to represent the human
skeletal feature and the first target contour feature matrix of the contour key points
configured to represent the human contour feature are extracted from the image to be
detected by use of the first feature extraction network may include that: convolution
processing is performed on the image to be detected by use of the common feature
extraction network to obtain a basic feature matrix including the skeletal feature and the
contour feature; convolution processing is performed on the basic feature matrix by use
of the first skeletal feature extraction network to obtain a first skeletal feature matrix, a
second skeletal feature matrix is acquired from a first target convolutional layer in the
first skeletal feature extraction network, and the first target skeletal feature matrix is
obtained based on the first skeletal feature matrix and the second skeletal feature matrix,
the first target convolutional layer being any other convolutional layer, except a last

convolutional layer, in the first skeletal feature extraction network; and convolution



processing is performed on the basic feature matrix by use of the first contour feature
extraction network to obtain a first contour feature matrix, a second contour feature
matrix is acquired from a second target convolutional layer in the first contour feature
extraction network, and the first target contour feature matrix is obtained based on the
first contour feature matrix and the second contour feature matrix, the second target
convolutional layer being any other convolutional layer, except a last convolutional layer,

in the first contour feature extraction network.

[ 0026] In the implementation mode, the skeletal feature and the contour feature are
extracted by use of the common feature extraction network to remove other features
except the skeletal feature and the contour feature in the image to be detected, then
targeted extraction is performed on the skeletal feature by use of the first skeletal feature
extraction network, and targeted extraction is performed on the contour feature by use of

the first contour feature extraction network, so that fewer calculations are required.

[ 0027] In an optional implementation mode, the operation that the first target skeletal
feature matrix is obtained based on the first skeletal feature matrix and the second
skeletal feature matrix may include that: concatenation processing is performed on the
first skeletal feature matrix and the second skeletal feature matrix to obtain a first
concatenated skeletal feature matrix, and dimension transform processing is performed
on the first concatenated skeletal feature matrix to obtain the first target skeletal feature
matrix; and the operation that the first target contour feature matrix is obtained based on
the first contour feature matrix and the second contour feature matrix may include that:
concatenation processing is performed on the first contour feature matrix and the second
contour feature matrix to obtain a first concatenated contour feature matrix, and
dimension transform processing is performed on the first concatenated contour feature
matrix to obtain the first target contour feature matrix, a dimension of the first target
skeletal feature matrix being the same as a dimension of the first target contour feature
matrix and the first target skeletal feature matrix and the first target contour feature

matrix being the same in dimensionality in a same dimension.

[ 0028] In the implementation mode, concatenation processing is performed on the

first skeletal feature matrix and the second skeletal feature matrix to ensure that the first



target skeletal feature matrix includes richer skeletal feature information, and meanwhile,
concatenation processing is performed on the first contour feature matrix and the second
contour feature matrix to ensure that the first target contour feature matrix includes richer
contour feature information. Therefore, in a subsequent feature fusion process, the
position information of the skeletal key points and the position information of the contour

key points may be extracted more accurately.

[ 0029] In an optional implementation mode, the feature fusion neural network may
include a first convolutional neural network, a second convolutional neural network, a
first transform neural network and a second transform neural network, and the operation
that feature fusion is performed on the first target skeletal feature matrix and the first
target contour feature matrix by use of the feature fusion neural network to obtain the
second target skeletal feature matrix and the second target contour feature matrix may
include that: convolution processing is performed on the first target skeletal feature
matrix by use of the first convolutional neural network to obtain a first intermediate
skeletal feature matrix, and convolution processing is performed on the first target
contour feature matrix by use of the second convolutional neural network to obtain a first
intermediate contour feature matrix; concatenation processing is performed on the first
intermediate contour feature matrix and the first target skeletal feature matrix to obtain a
first concatenated feature matrix, and dimension transform is performed on the first
concatenated feature matrix by use of the first transform neural network to obtain the
second target skeletal feature matrix; and concatenation processing is performed on the
first intermediate skeletal feature matrix and the first target contour feature matrix to
obtain a second concatenated feature matrix, and dimension transform is performed on
the second concatenated feature matrix by use of the second transform neural network to

obtain the second target contour feature matrix.

[ 0030] In the implementation mode, the skeletal feature and the contour feature are
fused in a manner of performing concatenation processing on the first intermediate
contour feature matrix and the first target skeletal feature matrix and obtaining the second
target skeletal feature matrix based on a concatenation processing result to correct the
extracted skeletal feature by use of the contour feature. In addition, the skeletal feature

and the contour feature are fused in a manner of performing concatenation processing on



the first intermediate skeletal feature matrix and the first target contour feature matrix
and obtaining the second target contour feature matrix based on a concatenation
processing result to correct the extracted contour feature by use of the skeletal feature.
Furthermore, the position information of the skeletal key points and the position

information of the contour key points may be extracted more accurately.

[ 0031] In an optional implementation mode, the feature fusion neural network may
include a first directional convolutional neural network, a second directional
convolutional neural network, a third convolutional neural network, a fourth
convolutional neural network, a third transform neural network and a fourth transform
neural network, and the operation that feature fusion is performed on the first target
skeletal feature matrix and the first target contour feature matrix by use of the feature
fusion neural network to obtain the second target skeletal feature matrix and the second
target contour feature matrix may include that: directional convolution processing is
performed on the first target skeletal feature matrix by use of the first directional
convolutional neural network to obtain a first directional skeletal feature matrix, and
convolution processing is performed on the first directional skeletal feature matrix by use
of the third convolutional neural network to obtain a second intermediate skeletal feature
matrix; directional convolution processing is performed on the first target contour feature
matrix by use of the second directional convolutional neural network to obtain a first
directional contour feature matrix, and convolution processing is performed on the first
directional contour feature matrix by use of the fourth convolutional neural network to
obtain a second intermediate contour feature matrix; concatenation processing is
performed on the second intermediate contour feature matrix and the first target skeletal
feature matrix to obtain a third concatenated feature matrix, and dimension transform is
performed on the third concatenated feature matrix by use of the third transform neural
network to obtain the second target skeletal feature matrix; and concatenation processing
is performed on the second intermediate skeletal feature matrix and the first target
contour feature matrix to obtain a fourth concatenated feature matrix, and dimension
transform is performed on the fourth concatenated feature matrix by use of the fourth

transform neural network to obtain the second target contour feature matrix.

[ 0032] In the implementation mode, fusion processing is performed on the features in



a directional convolution manner, so that the position information of the skeletal key
points and the position information of the contour key points may be extracted more

accurately.

[ 0033] In an optional implementation mode, the feature fusion neural network may
include a shift estimation neural network and a fifth transform neural network, and the
operation that feature fusion is performed on the first target skeletal feature matrix and
the first target contour feature matrix by use of the feature fusion neural network to
obtain the second target skeletal feature matrix and the second target contour feature
matrix may include that: concatenation processing is performed on the first target skeletal
feature matrix and the first target contour feature matrix to obtain a fifth concatenated
feature matrix; the fifth concatenated feature matrix is input to the shift estimation neural
network, and shift estimation is performed on multiple predetermined key point pairs to
obtain shift information of a shift from one key point in each key point pair to the other
key point in the key point pair; by taking each key point in each key point pair as a
present key point respectively, a two-dimensional feature matrix corresponding to the
paired other key point is acquired from a three-dimensional feature matrix corresponding
to the other key point paired with the present key point; positional shifting is performed
on elements in the two-dimensional feature matrix corresponding to the paired other key
point according to the shift information of the shift from the paired other key point to the
present key point to obtain a shift feature matrix corresponding to the present key point;
for each skeletal key point, concatenation processing is performed on a two-dimensional
feature matrix corresponding to the skeletal key point and each corresponding shift
feature matrix to obtain a concatenated two-dimensional feature matrix of the skeletal
key point, the concatenated two-dimensional feature matrix of the skeletal key point is
input to the fifth transform neural network to obtain a target two-dimensional feature
matrix corresponding to the skeletal key point, and the second target skeletal feature
matrix is generated based on the target two-dimensional feature matrices respectively
corresponding to all skeletal key points; and for each contour key point, concatenation
processing is performed on a two-dimensional feature matrix corresponding to the
contour key point and each corresponding shift feature matrix to obtain a concatenated

two-dimensional feature matrix of the contour key point, the concatenated two-
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dimensional feature matrix of the contour key point is input to the fifth transform neural
network to obtain a target two-dimensional feature matrix corresponding to the contour
key point, and the second target contour feature matrix is generated based on the target

two-dimensional feature matrices respectively corresponding to all contour key point.

[ 0034] In the implementation mode, feature fusion is implemented in a manner of
performing shift transformation on the skeletal key points and the contour key points, so
that the position information of the skeletal key points and the position information of the

contour key points may be extracted more accurately.

[ 0035] In an optional implementation mode, the human detection method may be
implemented through a human detection model; the human detection model may include
the first feature extraction network and/or the feature fusion neural network; and the
human detection model may be obtained by training through sample images in a training
sample set, the sample images being tagged with practical position information of the
skeletal key points of the human skeletal structure and practical position information of

the contour key points of the human contour.

[ 0036] In the implementation mode, the human detection model obtained by such a
training method is higher in detection accuracy, and the human detection result
considering both the representation accuracy and the calculated data volume may be

obtained through the human detection model.

[ 0037] According to a second aspect, the embodiments of the disclosure also provide
a human detection apparatus, which may include: an acquisition module, configured to
acquire an image to be detected; a detection module, configured to determine position
information of skeletal key points configured to represent a human skeletal structure and
position information of contour key poin configured to represent a human contour based
on the image to be detected; and a generation module, configured to generate a human
detection result based on the position information of the skeletal key points and the

position information of the contour key points.

[ 0038] According to a third aspect, the embodiments of the disclosure also provide a

computer device, which may include a processor, a non-transitory storage medium and a
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bus. The non-transitory storage medium may store machine-readable instructions
executable for the processor. Under the condition that the computer device runs, the
processor may communicate with the storage medium through the bus. The machine-
readable instructions may be executed by the processor to execute the operations in the

first aspect or any possible implementation mode of the first aspect.

[ 0039] According to a fourth aspect, the embodiments of the disclosure also provide a
computer-readable storage medium, in which computer programs may be stored, the
computer programs being operated by a processor to execute the operations in the first

aspect or any possible implementation mode of the first aspect.

[ 0040] In the embodiments of the disclosure, the position information of the skeletal
key points configured to represent the human skeletal structure and the position
information of the contour key points configured to represent the human contour may be
determined from the image to be detected, and the human detection result may be
generated based on the position information of the skeletal key points and the position
information of the contour key points, so that the representation accuracy is improved,

and meanwhile, the calculated data volume is considered.

[ 0041] In order to make the purpose, characteristics and advantages of the disclosure
clearer and easier to understand, detailed descriptions will be made below with the

preferred embodiments in combination with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0042] In order to describe the technical solutions of the embodiments of the
disclosure more clearly, the drawings required to be used in the embodiments will be
simply introduced below. It is to be understood that the following drawings only
illustrate some embodiments of the disclosure for a purpose of description and are
nonrestrictive. Other related drawings may further be obtained by those of ordinary skill
in the art according to these drawings without creative work. The same or similar
reference signs in the drawings represent the same element or equivalent elements, and a

reference sign, once being defined in a drawing, is not required to be further defined and
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explained in the subsequent drawings.

[ 0043] FIG. 1 is a flowchart of a human detection method according to embodiments

of the disclosure.

[ 0044] FIG. 2a is a position example of contour key points and skeletal key points

according to embodiments of the disclosure.

[ 0045] FIG. 2b is a position example of main contour key points and auxiliary contour

key points according to embodiments of the disclosure.

[ 0046] FIG. 2c¢ is another position example of main contour key points and auxiliary

contour key points according to embodiments of the disclosure.

[ 0047] FIG. 2d is another position example of main contour key points and auxiliary

contour key points according to embodiments of the disclosure.

[ 0048] FIG. 3 is a structure diagram of a first feature extraction network according to

embodiments of the disclosure.

[ 0049] FIG. 4 is a flowchart of a feature extraction method according to embodiments

of the disclosure.

[ 0050] FIG. 5 is a structure diagram of a feature fusion network according to

embodiments of the disclosure.

[ 0051] FIG. 6 is a flowchart of a feature fusion method according to embodiments of

the disclosure.

[ 0052] FIG. 7 is a structure diagram of another feature fusion network according to

embodiments of the disclosure.

[ 0053] FIG. 8 is a flowchart of another feature fusion method according to

embodiments of the disclosure.

[ 0054] FIG. 9a is a schematic diagram of a processing of implementing iterative

updating by use of a scattering convolution operator according to embodiments of the
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disclosure.

[ 0055] FIG. 9b is a schematic diagram of a processing of implementing iterative
updating by use of a gathering convolution operator according to embodiments of the

disclosure.

[ 0056] FIG. 10 is a structure diagram of another feature fusion network according to

embodiments of the disclosure.

[ 0057] FIG. 11 1s a flowchart of another feature fusion method according to

embodiments of the disclosure.

[ 0058] FIG. 12 is an example of skeletal key points and contour key points according

to embodiments of the disclosure.

[ 0059] FIG. 13 is a specific example of performing shift transformation on elements

in a two-dimensional feature matrix according to embodiments of the disclosure.

[ 0060] FIG. 14 is a structure diagram of a second feature extraction network according

to embodiments of the disclosure.

[ 0061] FIG. 15 is a schematic diagram of a human detection apparatus according to

embodiments of the disclosure.

[ 0062] FIG. 16 is a schematic diagram of a computer device according to

embodiments of the disclosure.

DETAILED DESCRIPTION

[ 0063] In order to make the purpose, technical solutions and advantages of the
embodiments of the disclosure clearer, the technical solutions in the embodiments of the
disclosure will be clearly and completely described below in combination with the
drawings in the embodiments of the disclosure. It is apparent that the described
embodiments are not all embodiments but only part of embodiments of the disclosure.

Components, described and shown in the drawings, of the embodiments of the disclosure
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may usually be arranged and designed with various configurations. Therefore, the
following detailed descriptions about the embodiments of the disclosure provided in
combination with the drawings are not intended to limit the claimed scope of the
disclosure but only represent the embodiments of the disclosure. All other embodiments
obtained by those skilled in the art based the embodiments of the disclosure without

creative work shall fall within the scope of protection of the disclosure.

[ 0064] It is found by researches that the following two manners are usually adopted
for human detection: a skeletal key point detection method and a semantic segmentation

method.

[ 0065] The skeletal key point detection method: in the method, skeletal key points of a
human body are extracted from an image through a neural network model, and a
corresponding human detection result is obtained based on the skeletal key points. In the
human detection method, a simple human body representation method is adopted, and the
data volume is smaller, so that relatively few calculations are required when other
subsequent processing is performed based on the human detection result obtained by the
method. The method is applied more to the fields of human pose, action recognition and
the like. For example, the fields of behavior detection, human-pose-based human-
computer interaction, and the like. However, in the method, contour information of the
human body may not be extracted, and consequently, the obtained human detection result

is low in representation accuracy.

[ 0066] The semantic segmentation method: in the method, a probability that each
pixel in an image belongs to a human body is recognized through a semantic
segmentation model, and a human detection result is obtained based on the probability
that each pixel in the image belongs to the human body. In the human detection method,
complete contour information of the human body may be obtained, but the calculated

data volume of the human recognition result is relatively large.

[ 0067] Therefore, how to implement human detection with both the representation
accuracy and the calculated data volume considered becomes a problem urgent to be

solved at present.
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[ 0068] Based on the above researches, the disclosure provides a human detection
method and apparatus, a computer device and a storage medium. Feature extraction may
be performed on an image to be detected to obtain a skeletal feature and contour feature
of a human body, and feature fusion may be performed on the extracted skeletal feature
and contour feature to further obtain position information of skeletal key points
configured to represent a human skeletal structure and position information of contour
key points configured to represent a human contour. A human detection result obtained
based on this method has a smaller data volume and reflects the skeletal feature and
contour feature of the human body, and the representation accuracy is also improved at

the same time.

[ 0069] In addition, in the embodiments of the disclosure, the human detection result is
obtained by use of the position information of the skeletal key points representing the
human skeletal structure and the position information of the contour key points
representing the human contour, so that information representing the human body is

richer, and application scenarios are more extensive.

[ 0070] For the shortcoming of an existing human detection manner, repeated practices
and careful researches are required for determination, so that a process of finding the
existing problem and the solutions disclosed in the disclosure shall fall within the scope

of the disclosure.

[ 0071] A human detection method according to the embodiments of the disclosure
will be introduced below in detail. The human detection method may be applied to any

device with a data processing capability, for example, a computer.

[ 0072] Referring to FIG. 1, a flowchart of a human detection method provided in

embodiments of the disclosure is shown.
[ 0073] In S101, an image to be detected is acquired.

[ 0074] In S102, position information of skeletal key points configured to represent a
human skeletal structure and position information of contour key points configured to

represent a human contour are determined based on the image to be detected.
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[ 0075] In S103, a human detection result is generated based on the position

information of the skeletal key points and the position information of the contour key

points.
[ 0076] S101 to S103 will be described below respectively.
[ 0077] I: in S101, the image to be detected may be, for example, an image to be

detected shot by a camera mounted at a target position, an image to be detected sent by
another computer device, or an image to be detected which is pre-stored and read from a
local database. The image to be detected may include a human body image and may also
not include the human body image. If the image to be detected includes the human body
image, a final human detection result may be obtained based on the human detection
method provided in the embodiments of the disclosure. If the image to be detected does
not include the human body image, the obtained human detection result is, for example,

null.

[ 0078] II: in S102, as shown in FIG. 2a, the skeletal key points may be configured to
represent a skeletal feature of a human body, and the skeletal feature includes a feature of
a joint of the human body. The joint is, for example, an elbow joint, a wrist joint, a
shoulder joint, a neck joint, a crotch joint, a knee joint and an ankle joint. Exemplarily,

skeletal key points may also be set at the head of the human body.

[ 0079] The contour key points may be configured to represent a contour feature of the
human body, and may include main contour key points, as shown in FIG. 2a, or include
the main contour key points and auxiliary contour key points, as shown in FIG. 2b to FIG.

2d. FIG. 2b to FIG. 2d are partial diagrams of a part in the box in FIG. 2a.

[ 0080] The main contour key points are contour key points representing a contour of a
joint part of the human body, as shown in FIG. 2a, for example, a contour of the elbow
joint, a contour of a wrist joint, a contour of the shoulder joint, a contour of the neck joint,
a contour of the crotch joint, a contour of the knee joint and a contour of the ankle joint,
and wusually appears correspondingly to skeletal key points representing the

corresponding joint part.

[ 0081] The auxiliary contour key points are contour key points representing a contour
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between joint parts of the human body, and there is at least one auxiliary contour key
point between two adjacent main contour key points. In an example shown in FIG. 2b,
there is one auxiliary contour key point between two main contour key points. In an
example shown in FIG. 2¢, there is two auxiliary contour key points between two main
contour key points. In an example shown in FIG. 2d, there are three auxiliary contour key

points between two adjacent contour key points.

[ 0082] The skeletal key points and contour key points involved in the above drawings
and text descriptions are only examples for conveniently understanding the disclosure.
During a practical application, the numbers and positions of the skeletal key points and
contour key points may be properly regulated according to a practical scenario. No limits

are made thereto in the disclosure.

[ 0083] For the condition that the contour key points include the main contour key
points and the auxiliary contour key points, the position information of the contour key
points configured to represent the human contour may be determined based on the image

to be detected in the following manner.

[ 0084] Position information of the main contour key points is determined based on the
image to be detected. Human contour information is determined based on the position
information of the main contour key points. Position information of multiple auxiliary

contour key points is determined based on the determined human contour information.

[ 0085] For the condition that the contour key points include the main contour key
points, the position information of the main contour key points is directly determined

based on the image to be detected.

[ 0086] The embodiments of the disclosure provide a specific method for determining
the position information of the skeletal key points configured to represent the human
skeletal structure and the position information of the contour key points configured to

represent the human contour based on the image to be detected.

[ 0087] Feature extraction is performed on the image to be detected to obtain a skeletal
feature and a contour feature, and feature fusion is performed on the obtained skeletal

feature and contour feature. The position information of the skeletal key points and the
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position information of the contour key points are determined based on a feature fusion

result.

[ 0088] The skeletal feature and the contour feature may be determined based on the

image to be detected by use of, but not limited to, any one of the following A and B.

[ 0089] A: one time of feature extraction is performed on the image to be detected, and
feature fusion is performed on the skeletal feature and contour feature obtained by the

feature extraction.

[ 0090] B: multiple times of feature extraction are performed on the image to be
detected, feature fusion is performed on a skeletal feature and contour feature obtained
by each time of feature extraction after the feature extraction, and the position
information of the skeletal key points and the position information of the contour key

points are determined based on a feature fusion result of the last time of feature fusion.
[ 0091] The condition A will be specifically described below at first.

[ 0092] Under the condition A, the position information of the skeletal key points
configured to represent the human skeletal structure and the position information of the
contour key points configured to represent the human contour are determined based on a

feature fusion result of the feature fusion.

[ 0093] A feature extraction process and a feature fusion process will be described

below in al and a2 respectively.
[ 0094] al: the feature extraction process

[ 0095] A first target skeletal feature matrix of the skeletal key points configured to
represent the human skeletal feature and a first target contour feature matrix of the
contour key points configured to represent the human contour feature may be extracted
from the image to be detected by use of a first feature extraction network which is pre-

trained.

[ 0096] Specifically, referring to FIG. 3, the embodiments of the disclosure provides a

structure diagram of the first feature extraction network. The first feature extraction
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network includes a common feature extraction network, a first skeletal feature extraction

network and a first contour feature extraction network.

[ 0097] Referring to FIG. 4, the embodiments of the disclosure also provides a specific
process of extracting the first target skeletal feature matrix and the first target contour
feature matrix from the image to be detected based on the first feature extraction network

provided in FIG. 3. The following operations are included.

[ 0098] In S401, convolution processing is performed on the image to be detected by
use of the common feature extraction network to obtain a basic feature matrix including

the skeletal feature and the contour feature.

[ 0099] During specific implementation, the image to be detected may be represented
as an image matrix. If the image to be detected is a single-color-channel image, for
example, a grayscale image, it may be represented as a two-dimensional image matrix,
each element in the two-dimensional image matrix corresponds to a pixel of the image to
be detected one by one, and a value of each element in the two-dimensional image matrix
is a pixel value of the pixel corresponding to the element. If the image to be detected is a
multi-color-channel image, for example, an image in a Red Green Blue (RGB) format, it
may be represented as a three-dimensional image matrix, the three-dimensional image
matrix includes three two-dimensional image matrices corresponding to different color
(for example, R, G and B) channels one by one. A value of each element in any one two-
dimensional image matrix is a pixel value of a pixel corresponding to the element under

the corresponding color channel.

[ 00100] The common feature extraction network includes at least one convolutional
layer. After the image matrix of the image to be detected is input to the common feature
extraction network, convolution processing is performed on the image matrix of the
image to be detected by use of the common feature extraction network to extract a feature
in the image to be detected. Under this condition, the extracted feature includes the

skeletal feature and also includes the contour feature.

[ 00101] In S402, convolution processing is performed on the basic feature matrix by

use of the first skeletal feature extraction network to obtain a first skeletal feature matrix,
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a second skeletal feature matrix is acquired from a first target convolutional layer in the
first skeletal feature extraction network, and the first target skeletal feature matrix is
obtained based on the first skeletal feature matrix and the second skeletal feature matrix,
the first target convolutional layer being any other convolutional layer, except a last

convolutional layer, in the first skeletal feature extraction network.

[ 00102] During specific implementation, the first skeletal feature extraction network
includes multiple convolutional layers. The multiple convolutional layers are sequentially
connected, and an input of a next convolutional layer is an output of a previous
convolutional layer. The first skeletal feature extraction network of such a structure may
perform convolution processing on the basic feature matrix for many times and obtain the
first skeletal feature matrix from the last convolutional layer. Herein, the first skeletal
feature matrix is a three-dimensional feature matrix, the three-dimensional feature matrix
includes multiple two-dimensional feature matrices, and the two-dimensional feature
matrices correspond to predetermined multiple skeletal key points one by one. A value of
an element in the two-dimensional feature matrix, corresponding to a certain skeletal key
point, represents a probability that a pixel corresponding to the element belongs to the

skeletal key point, and an element usually corresponds to multiple pixels.

[ 00103] In addition, although performing convolution processing on the basic feature
matrix for many times through the multiple convolutional layers may extract the skeletal
feature of the human body from the basic feature matrix, along with the increase of the
number of convolutions, some information in the image to be detected may be lost, the
information may also include related information of the skeletal feature of the human
body. If excessive information in the image to be detected is lost, the finally obtained
first target skeletal feature matrix of the skeletal key points configured to represent the
human skeletal feature may not be accurate enough. Therefore, in the embodiments of the
disclosure, the second skeletal feature matrix may further be acquired from the first target
convolutional layer of the first skeletal feature extraction network, and the first target
skeletal feature matrix is obtained based on the first skeletal feature matrix and the

second skeletal feature matrix.

[ 00104] Herein, the first target convolutional layer is any other convolutional layer,
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except the last convolutional layer, in the first skeletal feature extraction network. In an
example shown in FIG. 3, the second last convolutional layer in the first skeletal feature

extraction network is selected as the first target convolutional layer.

[ 00105] For example, the first target skeletal feature matrix may be obtained based on
the first skeletal feature matrix and the second skeletal feature matrix in the following

manner.

[ 00106] Concatenation processing is performed on the first skeletal feature matrix and
the second skeletal feature matrix to obtain a first concatenated skeletal feature matrix,
and dimension transform processing is performed on the first concatenated skeletal

feature matrix to obtain the first target skeletal feature matrix.

[ 00107] Herein, under the condition that dimension transform processing is performed
on the first concatenated skeletal feature matrix, it may be input to a dimension transform
neural network, and convolution processing is performed at least once on the first
concatenated skeletal feature matrix by use of the dimension transform neural network to

obtain the first target skeletal feature matrix.

[ 00108] Herein, the dimension transform neural network may fuse feature information
contained in the first skeletal feature matrix and the second skeletal feature matrix, so

that the obtained first target skeletal feature matrix includes richer information.

[ 00109] In S403, convolution processing is performed on the basic feature matrix by
use of the first contour feature extraction network to obtain a first contour feature matrix,
a second contour feature matrix is acquired from a second target convolutional layer in
the first contour feature extraction network, and the first target contour feature matrix is
obtained based on the first contour feature matrix and the second contour feature matrix,
the second target convolutional layer being any other convolutional layer, except a last
convolutional layer, in the first contour feature extraction network. In the example shown
in FIG. 3, the second last convolutional layer in the first contour feature extraction

network is selected as the second target convolutional layer.

[ 00110] During specific implementation, the first contour feature extraction network

also includes multiple convolutional layers. The multiple convolutional layers are
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sequentially connected, and an input of a next convolutional layer is an output of a
previous convolutional layer. The first contour feature extraction network of such a
structure may perform convolution processing on the basic feature matrix for many times
and obtain the first contour feature matrix from the last convolutional layer. Herein, the
first contour feature matrix is a three-dimensional feature matrix, the three-dimensional
feature matrix includes multiple two-dimensional feature matrices, and the two-
dimensional feature matrices correspond to predetermined multiple contour key points
one by one. A value of an element in the two-dimensional feature matrix, corresponding
to a certain contour key point, represents a probability that a pixel corresponding to the
element belongs to the contour key point, and an element usually corresponds to multiple

pixels.

[ 00111] Herein, it is to be noted that the number of the contour key points is usually
different from the number of the skeletal key points, so that the number of the two-
dimensional feature matrices in the obtained first contour feature matrix may be different
from the number of the two-dimensional feature matrices in the first skeletal feature

matrix.

[ 00112] For example, if the number of the skeletal key points is 14 and the number of
the contour key points is 25, the number of the two-dimensional feature matrices in the
first contour feature matrix is 25, and the number of the two-dimensional feature matrices

in the first skeletal feature matrix is 14.

[ 00113] In addition, for ensuring that the first target contour feature matrix also
includes richer information, a manner similar to S402 may also be adopted. The second
contour feature matrix is acquired from the second target convolutional layer in the first
contour feature extraction network and then the first target contour feature matrix is

obtained based on the first contour feature matrix and the second contour feature matrix.

[ 00114] Herein, the first target contour feature matrix is obtained based on the first
contour feature matrix and the second contour feature matrix in, for example, the

following manner.

[ 00115] Concatenation processing is performed on the first contour feature matrix and
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the second contour feature matrix to obtain a first concatenated contour feature matrix,
and dimension transform processing is performed on the first concatenated contour

feature matrix to obtain the first target contour feature matrix.

[ 00116] It is to be noted that, in S402 and S403, a dimension of the first target skeletal
feature matrix is the same as a dimension of the first target contour feature matrix, and
the first target skeletal feature matrix and the first target contour feature matrix are the
same in dimensionality in the same dimension, so that subsequent feature fusion
processing based on the first target skeletal feature matrix and the first target contour

feature matrix is facilitated.

[ 00117] For example, if the dimension of the first target skeletal feature matrix is 3 and
dimensionalities in each dimension are 64, 32 and 14 respectively, a dimensionality of
the first target skeletal feature matrix is represented as 64*32*14, and a dimensionality of

the first target contour feature matrix may also be represented as 64*32%14.

[ 00118] In addition, in another embodiment, the first target skeletal feature matrix and

the first target contour feature matrix may also be obtained in the following manner.

[ 00119] Convolution processing is performed on the image to be detected by use of the
common feature extraction network to obtain the basic feature matrix including the

skeletal feature and the contour feature.

[ 00120] Convolution processing is performed on the basic feature matrix by use of the
first skeletal feature extraction network to obtain the first skeletal feature matrix, and
dimension transform processing is performed on the first skeletal feature matrix to obtain

the first target skeletal feature matrix.

[ 00121] Convolution processing is performed on the basic feature matrix by use of the
first contour feature extraction network to obtain the first contour feature matrix, and
dimension transform processing is performed on the first contour feature matrix to obtain

the first target contour feature matrix.

[ 00122] In this manner, the skeletal feature and contour feature of the human body may

also be extracted from the image to be detected more accurately.
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[ 00123] In addition, the first feature extraction network provided in the embodiments of

the disclosure may be obtained by pre-training.

[ 00124] Herein, the human detection method provided in the embodiments of the
disclosure is implemented through a human detection model, and the human detection

model includes the first feature extraction network and/or a feature fusion neural network.

[ 00125] The human detection model is obtained by training through sample images in a
training sample set, the sample images being tagged with practical position information
of the skeletal key points of the human skeletal structure and practical position

information of the contour key points of the human contour.

[ 00126] Specifically, for the condition that the human detection model includes the first
feature extraction network, the first feature extraction network may be trained
independently and may also be trained jointly with the feature fusion neural network, and

independent training and joint training may also be combined.

[ 00127] A process of obtaining the first feature extraction network by training includes,

but not limited to, the following (1) and (2).

[ 00128] (1) Independent training for the first feature extraction network, for example,

includes the following operations.

[ 00129] In 1.1, multiple sample images and tagging data of each sample image are
acquired, the tagging data including the practical position information of the skeletal key
points of the human skeletal structure and the practical position information of the

contour key points of the human contour.

[ 00130] In 1.2, the multiple sample images are input to a first basic feature extraction
network to obtain a first sample target skeletal feature matrix and a first sample target

contour feature matrix.

[ 00131] In 1.3, first predicted position information of the skeletal key points is
determined based on the first sample target skeletal feature matrix, and first predicted

position information of the contour key points is determined based on the first sample
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target contour feature matrix.

[ 00132] In 1.4, a first loss is determined based on the practical position information of
the skeletal key points and the first predicted position information of the skeletal key
points, and a second loss is determined based on the practical position information of the

contour key points and the first predicted position information of the contour key points.

[ 00133] In 1.5, training of a present round is performed on the first basic feature

extraction network based on the first loss and the second loss.

[ 00134] The first basic feature extraction network is trained for multiple rounds to

obtain the first feature extraction network.

[ 00135] As shown in FIG. 3, the first loss is LS1 in FIG. 3, and the second loss is LC1
in FIG. 3. Training for the first basic feature extraction network is supervised based on
the first loss and the second loss to obtain a first feature extraction network with

relatively high accuracy.

[ 00136] (2) Joint training for the first feature extraction network and the feature fusion

neural network, for example, includes the following operations.

[ 00137] In 2.1, multiple sample images and tagging data of each sample image are
acquired, the tagging data including the practical position information of the skeletal key
points of the human skeletal structure and the practical position information of the

contour key points of the human contour.

[ 00138] In 2.2, the multiple sample images are input to the first basic feature extraction
network to obtain a first sample target skeletal feature matrix and a first sample target

contour feature matrix.

[ 00139] In 2.3, feature fusion is performed on the first sample target skeletal feature
matrix and the first sample target contour feature matrix by use of a basic feature fusion
neural network to obtain a second sample target skeletal feature matrix and a second

sample target contour feature matrix.

[ 00140] In 2.4, second predicted position information of the skeletal key points is
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determined based on the second sample target skeletal feature matrix, and second
predicted position information of the contour key points is determined based on the

second sample target contour feature matrix.

[ 00141] In 2.5, a third loss is determined based on the practical position information of
the skeletal key points and the second predicted position information of the skeletal key
points, and a fourth loss is determined based on the practical position information of the
contour key points and the second predicted position information of the contour key

points.

[ 00142] In 2.6, training of a present round is performed on the first basic feature
extraction network and the basic feature fusion neural network based on the third loss

and the fourth loss.

[ 00143] The first basic convolutional neural network and the basic feature fusion neural
network are trained for multiple rounds to obtain the first feature extraction network and

the feature fusion neural network.

[ 00144] (3) In a process of obtaining the first feature extraction network by combining
independent training and joint training, the processes in (1) and (2) may be adopted for

synchronous training.

[ 00145] Or, the first feature extraction network may also be pre-trained through the
process in (1), and joint training in (2) is performed on the first feature extraction

network obtained by pre-training and the feature fusion neural network.

[ 00146] It is to be noted that the sample images for independent training and joint

training of the first feature extraction network may be the same and may also be different.

[ 00147] Before joint training is performed on the first feature extraction network and
the feature fusion neural network, the feature fusion neural network may also be pre-
trained, and then joint training is performed on the pre-trained feature fusion neural

network and the first feature extraction network.

[ 00148] A detailed process of independent training for the feature fusion neural
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network may refer to the descriptions of the embodiment shown in the following a2.
[ 00149] a2: the feature fusion process

[ 00150] After the first target skeletal feature matrix of the skeletal key points
configured to represent the human skeletal feature and the first target contour feature
matrix of the contour key points configured to represent the human contour feature are
obtained, feature fusion processing may be performed based on the first target skeletal

feature matrix and the first target contour feature matrix.

[ 00151] Specifically, in a process of extracting the skeletal feature and the contour
feature based on the image to be detected, although the same basic feature matrix is used,
the skeletal feature is extracted from the basic feature matrix through the first skeletal
feature extraction network, and the contour feature is extracted from the basic feature
matrix through the first contour feature extraction network. The two processes are
mutually independent. However, for a same human body, there is a correlation between
the skeletal feature and the contour feature. A purpose of fusing the contour feature and
the skeletal feature is to utilize a mutual influence relationship between the skeletal
feature and the contour feature. For example, position information of the finally extracted
skeletal key points may be corrected based on the contour feature and position
information of the finally extracted contour key points may be corrected based on the
skeletal feature, so that more accurate position information of the skeletal key points and
more accurate position information of the contour key points may be obtained to obtain a

more accurate human detection result.

[ 00152] The embodiments of the disclosure provide a specific method for performing
feature fusion on the extracted skeletal feature and contour feature, which includes that:
feature fusion is performed on the first target skeletal feature matrix and the first target
contour feature matrix by use of the pre-trained feature fusion neural network to obtain a

second target skeletal feature matrix and a second target contour feature matrix.

[ 00153] The second target skeletal feature matrix is a three-dimensional skeletal feature
matrix, the three-dimensional skeletal feature matrix includes two-dimensional skeletal

feature matrices respectively corresponding to all skeletal key points, and a value of each
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element in the two-dimensional skeletal feature matrix represents a probability that a
pixel corresponding to the element belongs to the corresponding skeletal key point (i.e.,
the skeletal key point corresponding to the two-dimensional skeletal feature matrix). The
second target contour feature matrix is a three-dimensional contour feature matrix, the
three-dimensional contour feature matrix includes two-dimensional contour feature
matrices respectively corresponding to all contour key points, and a value of each
element in the two-dimensional contour feature matrix represents a probability that a

pixel corresponding to the element belongs to the corresponding contour key point.

[ 00154] The feature fusion neural network provided in the embodiments of the
disclosure may be trained independently and may also be trained jointly with the first
feature extraction network, and independent training and joint training may also be

combined.

[ 00155] A joint training process of the feature fusion neural network and the first

feature extraction network may refer to (2) and will not be elaborated herein.

[ 00156] For feature fusion neural networks of different structures, different training
methods may be adopted under the condition of independent training. Training methods
for feature fusion neural networks of different structures may refer to the following M1

to M3.

[ 00157] A feature fusion process of the skeletal feature and the contour feature may

include, but not limited to, at least one of the following M1 to M3.
[ 00158] Ml

[ 00159] Referring to FIG. 5, the embodiment of the disclosure provides a specific
structure of a feature fusion neural network, which includes a first convolutional neural
network, a second convolutional neural network, a first transform neural network and a

second transform neural network.

[ 00160] Referring to FIG. 6, the embodiment of the disclosure also provides a specific
method for performing feature fusion on the first target skeletal feature matrix and the

first target contour feature matrix based on the feature fusion neural network provided in
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FIG. 5 to obtain the second target skeletal feature matrix and the second target contour

feature matrix. The following operations are included.

[ 00161] In S601, convolution processing is performed on the first target skeletal feature
matrix by use of the first convolutional neural network to obtain a first intermediate

skeletal feature matrix. S603 is executed.

[ 00162] Herein, the first convolutional neural network includes at least one
convolutional layer. If the first convolutional neural network is multilayer, multiple
convolutional layers are sequentially connected, and an input of a present convolutional
layer is an output of a previous convolutional layer. The first target skeletal feature
matrix is input to the first convolutional neural network, and convolution processing is
performed on the first target skeletal feature matrix by use of each convolutional layer to

obtain the first intermediate skeletal feature matrix.

[ 00163] The process is implemented to further extract the skeletal feature from the first

target skeletal feature matrix.

[ 00164] In S602, convolution processing is performed on the first target contour feature
matrix by use of the second convolutional neural network to obtain a first intermediate

contour feature matrix. S604 is executed.

[ 00165] Herein, the processing process is similar to S601 and will not be elaborated
herein.
[ 00166] It is to be noted that there is no execution sequence for S601 and S602. They

may be executed synchronously and may also be executed asynchronously.

[ 00167] In S603, concatenation processing is performed on the first intermediate
contour feature matrix and the first target skeletal feature matrix to obtain a first
concatenated feature matrix, and dimension transform is performed on the first
concatenated feature matrix by use of the first transform neural network to obtain the

second target skeletal feature matrix.

[ 00168] Herein, concatenation processing is performed on the first intermediate contour
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feature matrix and the first target skeletal feature matrix to obtain the first concatenated
feature matrix, so that the obtained first concatenated feature matrix not only includes the

contour feature but also includes the skeletal feature.

[ 00169] Performing further dimension transform on the first concatenated matrix by
use of the first transform neural network actually refers to extracting the skeletal feature
from the first concatenated feature matrix again by use of the first transform neural
network. Through the process of obtaining the first concatenated feature matrix, other
features, except the skeletal feature and the contour feature, in the image to be detected
are removed, and only the skeletal feature and the contour feature are included, so that
the skeletal feature in the second target skeletal feature matrix obtained based on the first
concatenated feature matrix may be influenced by the contour feature, the correlation
between the skeletal feature and the contour feature may be established, and fusion of the

skeletal feature and the contour feature may be implemented.

[ 00170] In S604, concatenation processing is performed on the first intermediate
skeletal feature matrix and the first target contour feature matrix to obtain a second
concatenated feature matrix, and dimension transform is performed on the second
concatenated feature matrix by use of the second transform neural network to obtain the

second target contour feature matrix.

[ 00171] Herein, the process of performing concatenation processing on the first
intermediate skeletal feature matrix and the first target contour feature matrix to obtain
the second concatenated feature matrix is similar to the process of obtaining the first

concatenated feature matrix in S602 and will not be elaborated herein.

[ 00172] Similarly, the contour feature included in the second target contour feature
matrix may be influenced by the skeletal feature, the correlation between the skeletal
feature and the contour feature is established, and fusion of the skeletal feature and the

contour feature is implemented.

[ 00173] In another embodiment, the feature fusion neural network may be trained

independently in the following manner.

[ 00174] In 3.1, the first sample target skeletal feature matrix and first sample target
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contour feature matrix of the multiple sample images are acquired.

[ 00175] An acquisition manner is similar to the acquisition manner for the first target
skeletal feature matrix and the first target contour feature matrix in the abovementioned
embodiment and will not be elaborated herein. They may be acquired under the condition
of training jointly with the first feature extraction network, and may also be acquired by

use of the pre-trained first feature extraction network.

[ 00176] In 3.2, convolution processing is performed on the first sample target skeletal
feature matrix by use of a first basic convolutional neural network to obtain a first sample

intermediate skeletal feature matrix.

[ 00177] In 3.3, convolution processing is performed on the first sample target contour
feature matrix by use of a second basic convolutional neural network to obtain a first

sample intermediate contour feature matrix.

[ 00178] In S3.4, concatenation processing is performed on the first sample intermediate
contour feature matrix and the first sample target skeletal feature matrix to obtain a first
sample concatenated feature matrix, and dimension transform is performed on the first
sample concatenated feature matrix by use of a first basic transform neural network to

obtain the second sample target skeletal feature matrix.

[ 00179] In S3.5, concatenation processing is performed on the first sample intermediate
skeletal feature matrix and the first sample target contour feature matrix to obtain a
second sample concatenated feature matrix, and dimension transform is performed on the
second sample concatenated feature matrix by use of a second basic transform neural

network to obtain the second sample target contour feature matrix.

[ 00180] In 3.6, third predicted position information of the skeletal key points is
determined based on the second sample target skeletal feature matrix, and third predicted
position information of the contour key points is determined based on the second sample

target contour feature matrix.

[ 00181] In 3.7, a fifth loss is determined based on the practical position information of

the skeletal key points and the third predicted position information of the skeletal key
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points, and a sixth loss is determined based on the practical position information of the

contour key points and the third predicted position information of the contour key points.

[ 00182] In 3.8, training of a present round is performed on the first basic convolutional
neural network, the second basic convolutional neural network, the first basic transform
neural network and the second basic transform neural network based on the fifth loss and

the sixth loss.

[ 00183] The first basic convolutional neural network, the second basic convolutional
neural network, the first basic transform neural network and the second basic transform

neural network are trained for multiple rounds to obtain the feature fusion neural network.
[ 00184] Herein, the fifth loss is LS2 in FIG. 5, and the sixth loss is LC2 in FIG. 5.
[ 00185] M2

[ 00186] Referring to FIG. 7, a specific structure of another feature fusion neural
network provided in the embodiments of the disclosure is shown, which includes a first
directional convolutional neural network, a second directional convolutional neural
network, a third convolutional neural network, a fourth convolutional neural network, a

third transform neural network and a fourth transform neural network.

[ 00187] Referring to FIG. 8, the embodiments of the disclosure also provide a specific
method for performing feature fusion on the first target skeletal feature matrix and the
first target contour feature matrix based on the feature fusion neural network provided in
FIG. 7 to obtain the second target skeletal feature matrix and the second target contour

feature matrix. The following steps are included.

[ 00188] In S801, directional convolution processing is performed on the first target
skeletal feature matrix by use of the first directional convolutional neural network to
obtain a first directional skeletal feature matrix, and convolution processing is performed
on the first directional skeletal feature matrix by use of the third convolutional neural

network to obtain a second intermediate skeletal feature matrix. S804 is executed.

[ 00189] In S802, directional convolution processing is performed on the first target
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contour feature matrix by use of the second directional convolutional neural network to
obtain a first directional contour feature matrix, and convolution processing is performed
on the first directional contour feature matrix by use of the fourth convolutional neural

network to obtain a second intermediate contour feature matrix. S803 is executed.

[ 00190] In S803, concatenation processing is performed on the second intermediate
contour feature matrix and the first target skeletal feature matrix to obtain a third
concatenated feature matrix, and dimension transform is performed on the third
concatenated feature matrix by use of the third transform neural network to obtain the

second target skeletal feature matrix.

[ 00191] In S804, concatenation processing is performed on the second intermediate
skeletal feature matrix and the first target contour feature matrix to obtain a fourth
concatenated feature matrix, and dimension transform is performed on the fourth
concatenated feature matrix by use of the fourth transform neural network to obtain the

second target contour feature matrix.

[ 00192] During specific implementation, in the feature fusion process of the skeletal
feature and the contour feature, since skeletal key points are usually concentrated on a
skeleton of the human body, while contour key points are concentrated on the contour of
the human body, namely distributed around the skeleton, it is necessary to perform local
space transform on the skeletal feature and the contour feature respectively, for example,
transforming the skeletal feature to a position of the contour feature in the contour feature
matrix and transforming the contour feature to a position of the skeletal feature in the
skeletal feature matrix, to extract the skeletal feature and the contour feature better to

implement fusion of the skeletal feature and the contour feature.

[ 00193] For achieving this purpose, in the embodiments of the disclosure, directional
convolution processing is performed on the first target skeletal feature matrix at first by
use of the first directional convolutional neural network. By directional convolution,
directional space transform for the skeletal feature may be effectively implemented in a
feature level. Then, convolution processing is performed on the obtained first directional
skeletal feature matrix by use of the third convolutional neural network to obtain the

second intermediate skeletal feature matrix. Under this condition, since directional space
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transform has been performed on the skeletal feature through a first directional
convolutional layer, the skeletal feature actually moves towards to the direction of
contour feature. Then, concatenation processing is performed on the second intermediate
skeletal feature matrix and the first target contour feature matrix to obtain the fourth
concatenated feature matrix. The fourth concatenated feature matrix includes the contour
feature and also includes the skeletal feature subjected to directional space transform.
Then, dimension transform is performed on the fourth concatenated feature matrix by use
of the fourth transform neural network, namely the contour feature is extracted again
from the fourth concatenated feature matrix. The second target contour feature matrix
obtained in such a manner may be influenced by the skeletal feature, and fusion of the

skeletal feature and the contour feature is implemented.

[ 00194] Similarly, in the embodiment of the disclosure, directional convolution
processing is performed on the first target contour feature matrix at first by use of the
second directional convolutional neural network. By directional convolution, directional
space transform for the contour feature may be effectively implemented in the feature
level. Then, convolution processing is performed on the obtained first directional contour
feature matrix by use of the fourth convolutional neural network to obtain the second
intermediate contour feature matrix. Under this condition, since directional space
transform has been performed on the contour feature through a second directional
convolutional layer, the contour feature actually moves towards to a skeletal feature
direction. Then, concatenation processing is performed on the second intermediate
contour feature matrix and the first target skeletal feature matrix to obtain the third
concatenated feature matrix. The third concatenated feature matrix includes the skeletal
feature and also includes the contour feature subjected to directional space transform.
Then, dimension transform is performed on the third concatenated feature matrix by use
of the third transform neural network, namely the skeletal feature is extracted again from
the third concatenated feature matrix. The second target skeletal feature matrix obtained
in such a manner may be influenced by the contour feature, and fusion of the skeletal

feature and the contour feature is implemented.

[ 00195] Specifically, directional convolution consists of multiple iterative convolution

steps, and effective directional convolution meets the following requirements.
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[ 00196] (1) In each iterative convolution step, element values of only one group of

elements in the feature matrix are updated.

[ 00197] (2) After the last iterative convolution step, element values of all elements are

updated only once.

[ 00198] For example, directional convolution is performed on the first target skeletal

feature matrix. For implementing a directional convolution process, a feature function

sequence F= {F"}f:l may be defined to control an updating sequence of the elements.
An input of the function Fy is a position of each element in the first target skeletal feature
matrix, and an output of the function Fy represents whether to update the elements in the
kth iteration. The output may be 1 or 0. 1 represents that updating is executed, and 0
represents updating is not executed. Specifically, in the kth iteration process, element
values of the elements in a region corresponding to Fy=1 are updated only, and element
values of the elements in another region are kept unchanged. Updating of the ith iteration
may be represented as:

foor0e] B =E(W XL (X)) + ()T, (X)

[ 00200] To(X)=X, X represents the input of directional convolution, i.e., the first target
skeletal feature matrix, and W and b represent a shared weight and deviation in multiple

iteration processes respectively.

[ 00201] For implementing fusion of the skeletal feature and the contour feature, a pair

of symmetric directional convolution operators, namely the feature function sequence

F = {F) . . . FS .
=1 may be set, i.e., a scattering convolution operator * ¢ and a gathering

G
convolution operator F; . The scattering convolution operator is responsible for

sequentially updating the elements in the feature matrix from inside to outside, and the
gathering convolution operator sequentially updates the elements in the feature matrix

from outside to inside.

[ 00202] Under the condition that directional convolution processing is performed on

the first target skeletal feature matrix by use of the first directional convolutional neural
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network, for directional space transform of the skeletal feature element to a position

around the element (a position related more to the contour feature), the scattering

S
convolution operator £ is used. Under the condition that directional convolution

processing is performed on the first target contour feature matrix by use of the second
directional convolutional neural network, for directional space transform of the contour

feature element to a middle position of the contour feature matrix (a position related

G
more to the skeletal feature), the gathering convolution operator F is used.

[ 00203] Specifically, directional convolution processing is performed on the first target
skeletal feature matrix by use of the first directional convolutional neural network

through the following process.

[ 00204] The first target skeletal feature matrix is divided into multiple submatrices,
each submatrix being called a mesh. If the first target skeletal feature matrix is a three-
dimensional matrix, dimensionalities of three dimensions being m, n and s respectively, a
dimensionality of the first target skeletal feature matrix is represented as m*n*s. If a size

of the mesh is 5, a dimensionality of each mesh may be represented as 5*5%*s.

[ 00205] Then, for each mesh, multiple iterative convolutions are performed by use of

S
the scattering convolution operator Fi to obtain a target submatrix. As shown in FIG. 9a,

a process of performing iterative updating twice on values of elements in a submatrix of

S
which a mesh size is 5 by use of the scattering convolution operator £ is provided. In

FIG. 9a, “a” represents an original submatrix, “b” represents a submatrix obtained by one
iteration, and “c” represents a submatrix obtained by two iterations, i.e., the target

submatrix.

[ 00206] The target submatrices respectively corresponding to all meshes are

concatenated to obtain the first directional skeletal feature matrix.

[ 00207] Similarly, directional convolution processing is performed on the first target
contour feature matrix by use of the second directional convolutional neural network

through the following process.
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[ 00208] The first target contour feature matrix is divided into multiple submatrices,
each submatrix being called a mesh. If the first target contour feature matrix is a three-
dimensional matrix, dimensionalities of three dimensions being m, n and s respectively, a
dimensionality of the first target contour feature matrix is represented as m*n*s. If a size

of the mesh is 5, a dimensionality of each mesh may be represented as 5*5%*s.

[ 00209] Then, for each mesh, multiple iterative convolutions are performed by use of

G
the gathering convolution operator F to obtain a target submatrix.

[ 00210] As shown in FIG. 9b, a process of performing iterative updating twice on

values of elements in a submatrix of which a mesh size is 5 by use of the gathering

G
convolution operator F7 s provided. In FIG. 9b, “a” represents an original submatrix,

“b” represents a submatrix obtained by one iteration, and “c” represents a submatrix

obtained by two iterations, i.e., the target submatrix.

[ 00211] The target submatrices respectively corresponding to all meshes are

concatenated to obtain the first directional contour feature matrix.

[ 00212] Herein, it is to be noted that the iterative convolution process of each

submatrix may be implemented concurrently.

[ 00213] The examples in FIG. 9a and FIG. 9b are only examples of iteratively updating

the values of the elements in the submatrices by use of the scattering convolution

FS . . F°
operator ~  and the gathering convolution operator ~

[ 00214] In another embodiment, the feature fusion neural network may be trained

independently in the following manner.

[ 00215] In 4.1, the first sample target skeletal feature matrix and first sample target

contour feature matrix of the multiple sample images are acquired.

[ 00216] An acquisition manner is similar to the acquisition manner for the first target
skeletal feature matrix and the first target contour feature matrix in the abovementioned

embodiment and will not be elaborated herein. They may be acquired under the condition
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of training jointly with the first feature extraction network, and may also be acquired by

use of the pre-trained first feature extraction network.

[ 00217] In 4.2, directional convolution processing is performed on the first sample
target skeletal feature matrix by use of a first basic directional convolutional neural
network to obtain a first sample directional skeletal feature matrix, a seventh loss is
obtained by use of the first sample directional skeletal feature matrix and the practical
position information of the contour key points, and training of a present round is
performed on the first basic directional convolutional neural network based on the

seventh loss.
[ 00218] Herein, the seventh loss is LC3 in FIG. 7.

[ 00219] Herein, performing directional convolution processing on the first sample
target skeletal feature matrix by use of the first basic directional convolutional neural
network refers to performing directional space transform on the first sample target
skeletal feature matrix. Under this condition, it is necessary to keep the position
information of the key points represented by the obtained first sample direction skeletal
feature matrix consistent with the position information of the contour key points as much
as possible. Therefore, it is necessary to obtain the seventh loss based on the first sample
target skeletal feature matrix and the practical position information of the contour key
points to supervise training for the first basic directional convolutional neural network by

use of the seventh loss.

[ 00220] In 4.3, directional convolution processing is performed on the first sample
target contour feature matrix by use of a second basic directional convolutional neural
network to obtain a first sample directional contour feature matrix, an eighth loss is
obtained by use of the first sample directional contour feature matrix and the practical
position information of the skeletal key points, and training of a present round is
performed on the second basic directional convolutional neural network based on the

eighth loss.
[ 00221] Herein, the eighth loss is LS3 in FIG. 7.

[ 00222] In 4.4, convolution processing is performed on the first sample directional
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contour feature matrix by use of a fourth basic convolutional neural network to obtain a
second sample intermediate contour feature matrix, concatenation processing is
performed on the obtained second sample intermediate contour feature matrix and the
first sample target skeletal feature matrix to obtain a third sample concatenated feature
matrix, and dimension transform is performed on the third sample concatenated feature
matrix by use of a third basic transform neural network to obtain the second sample

target skeletal feature matrix.

[ 00223] In 4.5, fourth predicted position information of the skeletal key points is
determined based on the second sample target skeletal feature matrix, and a ninth loss is
determined based on the practical position information of the skeletal key points and the

fourth predicted position information of the skeletal key points.
[ 00224] Herein, the ninth loss is LS4 in FIG. 7.

[ 00225] In 4.6, convolution processing is performed on the first sample directional
skeletal feature matrix by use of a third basic convolutional neural network to obtain a
second sample intermediate skeletal feature matrix, concatenation processing is
performed on the obtained second sample intermediate skeletal feature matrix and the
first sample target contour feature matrix to obtain a fourth sample concatenated feature
matrix, and dimension transform is performed on the fourth sample concatenated feature
matrix by use of a fourth basic transform neural network to obtain the second sample

target contour feature matrix.

[ 00226] In 4.7, fourth predicted position information of the contour key points is
determined based on the second sample target contour feature matrix, and a tenth loss is
determined based on the practical position information of the contour key points and the

fourth predicted position information of the contour key points.
[ 00227] Herein, the tenth loss is LC4 in FIG. 7.

[ 00228] In 4.8, training of a present round is performed on the third basic convolutional
neural network, the fourth basic convolutional neural network, the third basic transform
neural network and the fourth basic transform neural network based on the ninth loss and

the tenth loss.
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[ 00229] The first basic directional convolutional neural network, the second basic
directional convolutional neural network, the third basic convolutional neural network,
the fourth basic convolutional neural network, the third basic transform neural network
and the fourth basic transform neural network are trained for multiple grounds to obtain a

trained feature fusion neural network.
[ 00230] M3

[ 00231] Referring to FIG. 10, a specific structure of another feature fusion neural
network provided in the embodiments of the disclosure is shown, which includes a shift

estimation neural network and a fifth transform neural network.

[ 00232] Referring to FIG. 11, the embodiments of the disclosure also provide a specific
method for performing feature fusion on the first target skeletal feature matrix and the
first target contour feature matrix based on the feature fusion neural network provided in
FIG. 10 to obtain the second target skeletal feature matrix and the second target skeletal

feature matrix. The following operations are included.

[ 00233] In S1101, concatenation processing is performed on the first target skeletal
feature matrix and the first target contour feature matrix to obtain a fifth concatenated

feature matrix.

[ 00234] In S1102, the fifth concatenated feature matrix is input to the shift estimation
neural network, and shift estimation is performed on predetermined multiple key point
pairs to obtain shift information of a shift from one key point to the other key point in
each key point pair. The two key points in each key point pair are at adjacent positions,
and the two key points include a skeletal key point and a contour key point, or includes

two skeletal key points or includes two contour key points.

[ 00235] During specific implementation, multiple skeletal key points and multiple
contour key points may be predetermined for the human body. As shown in FIG. 12, an
example of the multiple skeletal key points and contour key points predetermined for the
human body is provided. In the example, there are 14 skeletal key points, represented by
relatively large points in FIG. 12 respectively: the top of the head, the neck, the two

shoulders, the two elbows, the two wrists, the two crotches, the two knees and the two
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ankles, and there are 26 contour key points, represented by relatively small points in FIG.
12. Besides the skeletal key point representing the top of the head of the human body,
each of the other skeletal key points may correspond to two contour key points. The

skeletal key points of the two crotches may correspond to a same contour key point.

[ 00236] Two key points at adjacent positions may form a key point pair. In FIG. 12,
every two key points directly connected through a line segment may form a key point
pair. That is, there may be the following three conditions for formation of the key point
pair: (skeletal key point, skeletal key point), (contour key point, contour key point) and
(skeletal key point, contour key point).

[ 00237] The shift estimation neural network includes multiple convolutional layers, and
the multiple convolutional layers are sequentially connected to perform feature learning
on the skeletal feature and contour feature in the fifth concatenated feature matrix to
obtain the shift information of the shift from one key point to the other key point in each

key point pair. Each key point corresponds to two sets of shift information.

[ 00238] For example, if the key point pair is (P, Q), each of P and Q representing a key
point, shift information of the key point pair includes shift information of a shift from P

to Q and shift information of a shift from Q to P.
[ 00239] Each set of shift information includes a shift direction and a shift distance.

[ 00240] In S1103, by taking each key point in each key point pair as a present key
point respectively, a two-dimensional feature matrix corresponding to the paired other
key point is acquired from a three-dimensional feature matrix corresponding to the other
key point paired with the present key point. If the paired other key point is a skeletal key
point, the three-dimensional feature matrix corresponding to the skeletal key point is a
first skeletal feature matrix. If the paired other key point is a contour key point, the three-
dimensional feature matrix corresponding to the contour key point is a first contour

feature matrix.

[ 00241] In S1104, positional shifting is performed on elements in the two-dimensional
feature matrix corresponding to the paired other key point according to the shift

information of the shift from the paired other key point to the present key point to obtain
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a shift feature matrix corresponding to the present key point.

[ 00242] Herein, the key point pair (P, Q) is still used as an example, P is determined as
the present key point at first, and a two-dimensional feature matrix corresponding to Q is

acquired from a three-dimensional feature matrix corresponding to Q.

[ 00243] Herein, if Q is a skeletal key point, the three-dimensional feature matrix
corresponding to Q is a first skeletal feature matrix (see S402). If Q is a contour key
point, the three-dimensional feature matrix corresponding to Q is a first contour feature

matrix (see S403).

[ 00244] Herein, under the condition that Q is a skeletal key point, the first skeletal
feature matrix is determined as the three-dimensional feature matrix of Q, and the two-
dimensional feature matrix of Q is obtained from the first skeletal feature matrix. This is
because the first skeletal feature matrix only includes the skeletal feature, the skeletal
feature learned in a subsequent processing process may be more targeted. Similarly,
under the condition that Q is a contour key point, the first contour feature matrix is
determined as the three-dimensional feature matrix of Q, and the two-dimensional feature
matrix of Q is obtained from the first contour feature matrix. This is because the first
contour feature matrix only includes the contour feature, the contour feature learned in

the subsequent processing process may be more targeted.

[ 00245] After the two-dimensional feature matrix of Q is obtained, positional shifting is
performed on elements in the two-dimensional feature matrix of Q based on the shift

information of the shift from Q to P to obtain a shift feature matrix corresponding to P.

[ 00246] For example, as shown in FIG. 13, if the shift information of the shift from Q
to P is (2, 3), 2 representing a shift distance in a first dimension is 2 and 3 representing
that a shift distance in a second dimension is 3, the two-dimensional feature matrix of Q
is shown as a in FIG. 13. After positional shifting is performed on the elements in the
two-dimensional feature matrix of Q, the obtained shift feature matrix corresponding to P
is shown as b in FIG. 13. Herein, the shift information is relatively represented by
numbers only. During practical implementation, the shift information should be

understood in combination with a specific solution. For example, shift information "2"
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may refer to two elements, two cells and the like.

[ 00247] Then, Q is determined as the present key point, and a two-dimensional feature
matrix corresponding to P is acquired from a three-dimensional feature matrix
corresponding to P. Then, positional shifting is performed on elements in the two-
dimensional feature matrix of P based on the shift information of the shift from P to Q to

obtain a shift feature matrix Q corresponding to Q.

[ 00248] In such a manner, the shift feature matrix corresponding to each skeletal key
point and the shift feature matrix corresponding to each contour key point may be

generated.

[ 00249] Herein, it is to be noted that each skeletal key point may be paired with
multiple key points respectively and thus multiple shift feature matrices may also be
obtained for each skeletal key point. Each contour key point may also be paired with
multiple key points respectively and thus multiple shift feature matrices may also be
obtained for each contour key point. Different contour key points may correspond to
different numbers of shift feature matrices, and different skeletal key points may also

correspond to different numbers of shift feature matrices.

[ 00250] In S1105, for each skeletal key point, concatenation processing is performed
on a two-dimensional feature matrix corresponding to the skeletal key point and each
shift feature matrix corresponding to the skeletal key point to obtain a concatenated two-
dimensional feature matrix of the skeletal key point. The concatenated two-dimensional
feature matrix of the skeletal key point is input to the fifth transform neural network to
obtain a target two-dimensional feature matrix corresponding to the skeletal key point.
The second target skeletal feature matrix is generated based on the target two-

dimensional feature matrices respectively corresponding to all skeletal key points.

[ 00251] In S1106, for each contour key point, concatenation processing is performed
on a two-dimensional feature matrix corresponding to the contour key point and each
shift feature matrix corresponding to the contour key point to obtain a concatenated two-
dimensional feature matrix of the contour key point. The concatenated two-dimensional

feature matrix of the contour key point is input to the fifth transform neural network to
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obtain a target two-dimensional feature matrix corresponding to the contour key point.
The second target contour feature matrix is generated based on the target two-

dimensional feature matrices respectively corresponding to all contour key points.

[ 00252] For example, if P is a skeletal key point and the two-dimensional feature
matrix corresponding to P is P', P being in three key point pairs, three shift feature
matrices of P, i.e., P1', P2' and P3', may be obtained based on the abovementioned
process. P1', P2' and P3' are concatenated to obtain a concatenated two-dimensional
feature matrix of P. Under this condition, the three shift feature matrices of P may
include a shift feature matrix obtained by performing positional shifting on elements in a
two-dimensional feature matrix corresponding to a skeletal key point, and may also
include a shift feature matrix obtained by performing positional shifting on elements in a
two-dimensional feature matrix corresponding to a contour key point. Therefore, P', P1',
P2' and P3' are concatenated to fuse features of all key points, each at a position adjacent
to P. Then, convolution processing is performed on the concatenated two-dimensional
feature matrix of P by use of the fifth transform neural network, so that an obtained target
two-dimensional feature matrix of P not only includes the skeletal feature but also
includes the contour feature, and fusion of the skeletal feature and the contour feature is

implemented.

[ 00253] Similarly, if P is a contour key point, fusion of the skeletal feature and the

contour feature may also be implemented based on the abovementioned process.

[ 00254] In another embodiment, the feature fusion neural network may be trained

independently in the following manner.

[ 00255] In 5.1, the first sample target skeletal feature matrix and first sample target

contour feature matrix of the multiple sample images are acquired.

[ 00256] An acquisition manner is similar to the acquisition manner for the first target
skeletal feature matrix and the first target contour feature matrix in the abovementioned
embodiment and will not be elaborated herein. They may be acquired under the condition
of training jointly with the first feature extraction network, and may also be acquired by

use of the pre-trained first feature extraction network.
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[ 00257] In 5.2, concatenation processing is performed on the first sample target skeletal
feature matrix and the first sample target contour feature matrix to obtain a fifth sample

concatenated feature matrix.

[ 00258] In 5.3, the fifth sample concatenated feature matrix is input to a basic shift
estimation neural network, and shift estimation is performed on predetermined multiple
key point pairs to obtain predicted shift information of a shift from one key point to the
other key point in each key point pair. The two key points in each key point pair are at
adjacent positions, and the two key points include a skeletal key point and a contour key

point, or includes two skeletal key points or includes two contour key points.

[ 00259] In 5.4, by taking each key point in each key point pair as a present key point
respectively, a sample two-dimensional feature matrix corresponding to the paired other
key point is acquired from a sample three-dimensional feature matrix corresponding to

the other key point paired with the present key point.

[ 00260] In S5.5, positional shifting is performed on elements in the sample two-
dimensional feature matrix corresponding to the paired other key point according to the
predicted shift information of the shift from the paired other key point to the present key

point to obtain a sample shift feature matrix corresponding to the present key point.

[ 00261] In 5.6, a shift loss is determined according to the sample shift feature matrix
corresponding to the present key point and the sample two-dimensional feature matrix

corresponding to the present key point.

[ 00262] In 5.7, training of a present round is performed on the shift estimation neural

network based on the shift loss.

[ 00263] In 5.8, for each skeletal key point, concatenation processing is performed on a
sample two-dimensional feature matrix corresponding to the skeletal key point and each
sample shift feature matrix corresponding to the skeletal key point to obtain a sample
concatenated two-dimensional feature matrix of the skeletal key point. The sample
concatenated two-dimensional feature matrix of the skeletal key point is input to a fifth
basic transform neural network to obtain a sample target two-dimensional feature matrix

corresponding to the skeletal key point. The second sample target skeletal feature matrix
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is generated based on the sample target two-dimensional feature matrices respectively

corresponding to all skeletal key points.

[ 00264] In 5.9, for each contour key point, concatenation processing is performed on a
sample two-dimensional feature matrix corresponding to the contour key point and each
sample shift feature matrix corresponding to the contour key point to obtain a sample
concatenated two-dimensional feature matrix of the contour key point. The sample
concatenated two-dimensional feature matrix of the contour key point is input to the fifth
basic transform neural network to obtain a sample target two-dimensional feature matrix
corresponding to the contour key point, and the sample second target contour feature
matrix is generated based on the sample target two-dimensional feature matrices

respectively corresponding to all contour key points.

[ 00265] In 5.10, a transform loss is determined based on the second sample target
skeletal feature matrix, the second sample target contour feature matrix, the practical
position information of the skeletal key points and the practical position information of
the contour key points. For example, predicted position information of the skeletal key
points may be determined based on the second sample target skeletal feature matrix, and
predicted position information of the contour key points may be determined based on the
second sample target contour feature matrix. The transform loss is determined based on
the predicted position information and practical position information of the skeletal key
points and the predicted position information and practical position information of the

contour key points.

[ 00266] In 5.11, training of a present round is performed on the fifth basic transform

neural network based on the transform loss.

[ 00267] In 5.12, the basic shift estimation neural network and the fifth basic transform

neural network are trained for multiple rounds to obtain the feature fusion neural network.

[ 00268] B: multiple times of feature extraction are performed on the image to be
detected, feature fusion is performed on the skeletal feature and contour feature obtained
by each time of feature extraction after the feature extraction, and the position

information of the skeletal key points and the position information of the contour key
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points are determined based on the feature fusion result of the last time of feature fusion.

[ 00269] Under the condition that multiple times of feature extraction are performed, the
(i+1)th time of feature extraction is performed based on a feature fusion result of the ith

time of feature fusion, i being a positive integer.

[ 00270] In B, a process of the first time of feature extraction is the same as the process
of extracting the skeletal feature and contour feature of the image to be detected in A and

will not be elaborated herein.

[ 00271] In B, a specific process of each of other times of feature extraction except the

first time of feature extraction includes the following operation.

[ 00272] The first target skeletal feature matrix of the skeletal key points configured to
represent the human skeletal feature and the first target contour feature matrix of the
contour key points configured to represent the human contour feature are extracted from
a feature fusion result of the previous feature fusion by use of a second feature extraction

network.

etwork parameters of the first feature extraction network and networ
00273 Net k p t f the first feat tract t k d t k
parameters of the second feature extraction network are different, and network
parameters of the second feature extraction network for different times of feature

extraction are different.

[ 00274] Herein, each of the first feature extraction network and the second feature
extraction network includes multiple convolutional layers. The network parameters of the
first feature extraction network and the second feature extraction network include, but not
limited to, for example, the number of the convolutional layers, a size of a convolution
kernel for each convolutional layer, the number of convolutional kernels for each

convolutional layer and the like.

[ 00275] Referring to FIG. 14, the embodiments of the disclosure provides a structure
diagram of the second feature extraction network. The second feature extraction network
includes a second skeletal feature extraction network and a second contour feature

extraction network.
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[ 00276] The feature fusion result, for implementing the present feature extraction
through the second feature extraction network, of the previous feature fusion includes the
second target skeletal feature matrix and the second target contour feature matrix. The
specific process of obtaining the second target skeletal feature matrix and the second

target contour feature matrix refers to A and will not be elaborated herein.

[ 00277] The first target skeletal feature matrix of the skeletal key points configured to
represent the human skeletal feature and the first target contour feature matrix of the
contour key points configured to represent the human contour feature are extracted from
the feature fusion result of the previous feature fusion by use of the second feature

extraction network through, for example, the following specific process.

[ 00278] Convolution processing is performed on the second target skeletal feature
matrix obtained by the previous feature fusion by use of the second skeletal feature
extraction network to obtain a third skeletal feature matrix, a fourth skeletal feature
matrix is acquired from a third target convolutional layer in the second skeletal feature
extraction network, and a fifth target skeletal feature matrix is obtained based on the third
skeletal feature matrix and the fourth skeletal feature matrix, the third target
convolutional layer being any other convolutional layer, except a last convolutional layer,

in the second skeletal feature extraction network.

[ 00279] Convolution processing is performed on the second target contour feature
matrix obtained by the previous feature fusion by use of the second contour feature
extraction network to obtain a third contour feature matrix, a fourth contour feature
matrix is acquired from a fourth target convolutional layer in the second contour feature
extraction network, and a sixth target contour feature matrix is obtained based on the
third contour feature matrix and the fourth contour feature matrix, the fourth target
convolutional layer being any other convolutional layer, except a last convolutional layer,

in the second contour feature extraction network.

[ 00280] A specific processing manner is similar to the specific process of extracting the
first target skeletal feature matrix and the first target contour feature matrix from the
image to be detected by use of the first skeletal feature extraction network in A and will

not be elaborated herein.
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[ 00281] The manners for determining the position information of the skeletal key
points and the position information of the contour key points in II are described in the

above embodiments.

[ 00282] III: after the position information of the skeletal key points and the position
information of the contour key points are obtained based on II, positions of all skeletal
key points and positions of all contour key points may be determined from the image to

be detected, and then the human detection result may be generated.

[ 00283] The human detection result includes one or more of: the image to be detected
including skeletal key point tags and contour key point tags; and a data set including the
position information of the skeletal key points and the position information of the contour

key points.

[ 00284] Subsequently, one or more of the following operations may further be executed
based on the human detection result: human action recognition, human pose detection,

human contour regulation, human body image edition and human body mapping.

[ 00285] Herein, action recognition refers to, for example, recognizing a present action
of the human body such as fighting , running and the like. Human pose recognition refers
to, for example, recognizing a present pose of the human body such as lying, whether to
conduct a specified action or not, and the like. Human contour regulation refers to, for
example, regulating a body shape and height and the like of the human body. Human
body image edition refers to, for example, scaling, rotating and cropping the human body.
Human body mapping refers to, for example, after a human body in an image A is

detected, pasting a corresponding human body image to an image B.

[ 00286] According to the embodiments of the disclosure, the position information of
the skeletal key points configured to represent the human skeletal structure and the
position information of the contour key points configured to represent the human contour
may be determined from the image to be detected, and the human detection result may be
generated based on the position information of the skeletal key points and the position
information of the contour key points, so that the representation accuracy is improved,

and meanwhile, the calculated data volume is considered.
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[ 00287] In addition, in the implementation modes of the disclosure, the human
detection result is obtained by use of the position information of the skeletal key points
representing the human skeletal structure and the position information of the contour key
points representing the human contour, so that information representing the human body
is richer, and application scenarios are more extensive, for example, image edition,

human body shape changing and the like.

[ 00288] Based on the same inventive concept, the embodiments of the disclosure also
provide a human detection apparatus corresponding to the human detection method. The
principle of the apparatus in the embodiments of the disclosure for solving the problem is
similar to the human detection method of the embodiments of the disclosure, and thus
implementation of the apparatus may refer to implementation of the method. Repeated

parts will not be elaborated.

[ 00289] Referring to FIG. 15, a schematic diagram of a human detection apparatus
provided in embodiments of the disclosure is shown. The apparatus includes an
acquisition module 151, a detection module 152 and a generation module 153. The
acquisition module 151 is configured to acquire an image to be detected. The detection
module 152 is configured to determine position information of skeletal key points
configured to represent a human skeletal structure and position information of contour
key points configured to represent a human contour based on the image to be detected.
The generation module 153 is configured to generate a human detection result based on
the position information of the skeletal key points and the position information of the

contour key points.

[ 00290] In a possible implementation mode, the contour key points includes main
contour key points and auxiliary contour key points, and there is at least one auxiliary

contour key point between adjacent two of the main contour key points.

[ 00291] In a possible implementation mode, the detection module 152 is configured to
determine the position information of the contour key points configured to represent the
human contour based on the image to be detected in the following manner: determining
position information of the main contour key points based on the image to be detected;

determining human contour information based on the position information of the main
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contour key points; and determining position information of multiple auxiliary contour

key points based on the determined human contour information.

[ 00292] In a possible implementation mode, the human detection result includes one or
more of: the image to be detected added with skeletal key point tags and contour key
point tags; and a data set including the position information of the skeletal key points and

the position information of the contour key points.

[ 00293] In a possible implementation mode, the human detection apparatus further
includes an execution module 154, configured to execute one or more of the following
operations based on the human detection result: human action recognition, human pose

detection, human contour regulation, human body image edition and human body

mapping.

[ 00294] In a possible implementation mode, the detection module 152 is configured to
determine, based on the image to be detected, the position information of the skeletal key
points configured to represent the human skeletal structure and the position information
of the contour key points configured to represent the human contour in the following
manner: performing feature extraction based on the image to be detected to obtain a
skeletal feature and a contour feature, and performing feature fusion on the obtained
skeletal feature and contour feature; and determining the position information of the
skeletal key points and the position information of the contour key points based on a

feature fusion result.

[ 00295] In a possible implementation mode, the detection module 152 is configured to
perform feature extraction based on the image to be detected to obtain the skeletal feature
and the contour feature and perform feature fusion on the obtained skeletal feature and
contour feature in the following manner: performing at least one time of feature
extraction based on the image to be detected, and performing feature fusion on a skeletal
feature and contour feature obtained by each time of feature extraction, the (i+1)th time
of feature extraction being performed based on a feature fusion result of the ith time of
feature fusion under the condition that multiple feature extractions are performed and i
being a positive integer; and the detection module 152 is configured to determine the

position information of the skeletal key points configured to represent the human skeletal
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structure and the position information of the contour key points configured to represent
the human contour based on the feature fusion result in the following manner:
determining the position information of the skeletal key points and the position
information of the contour key points based on a feature fusion result of the last time of

feature fusion.

[ 00296] In a possible implementation mode, the detection module 152 is configured to
perform at least one time of feature extraction based on the image to be detected in the
following manner: in the first time of feature extraction, extracting a first target skeletal
feature matrix of the skeletal key points configured to represent the human skeletal
feature and a first target contour feature matrix of the contour key points configured to
represent the human contour feature from the image to be detected by use of a first
feature extraction network which is pre-trained; and in the (i+1)th time of feature
extraction, extracting the first target skeletal feature matrix of the skeletal key points
configured to represent the human skeletal feature and the first target contour feature
matrix of the contour key points configured to represent the human contour feature from
the feature fusion result of the ith time of feature fusion by use of a second feature
extraction network which is pre-trained, network parameters of the first feature extraction
network and the second feature extraction network being different and network
parameters of the second feature extraction network for different times of feature

extraction being different.

[ 00297] In a possible implementation mode, the detection module 152 is configured to
perform feature fusion on the obtained skeletal feature and contour feature in the
following manner: performing feature fusion on the first target skeletal feature matrix
and the first target contour feature matrix by use of a feature fusion neural network which
is pre-trained to obtain a second target skeletal feature matrix and a second target contour
feature matrix. The second target skeletal feature matrix is a three-dimensional skeletal
feature matrix, the three-dimensional skeletal feature matrix includes two-dimensional
skeletal feature matrices respectively corresponding to all skeletal key points, and a value
of each element in the two-dimensional skeletal feature matrix represents a probability
that a pixel corresponding to the element is the corresponding skeletal key point. The

second target contour feature matrix is a three-dimensional contour feature matrix, the
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three-dimensional contour feature matrix includes two-dimensional contour feature
matrices respectively corresponding to all contour key points, and a value of each
element in the two-dimensional contour feature matrix represents a probability that a
pixel corresponding to the element is the corresponding contour key point. Network
parameters of the feature fusion neural network for different times of feature fusion are

different.

[ 00298] In a possible implementation mode, the detection module 152 is configured to
determine the position information of the skeletal key points and the position information
of the contour key points based on the feature fusion result of the last time of feature
fusion in the following manner: determining the position information of the skeletal key
points based on the second target skeletal feature matrix obtained by the last time of
feature fusion; and determining the position information of the contour key points based

on the second target contour feature matrix obtained by the last time of feature fusion.

[ 00299] In a possible implementation mode, the first feature extraction network
includes a common feature extraction network, a first skeletal feature extraction network
and a first contour feature extraction network, and the detection module 152 is
configured to extract the first target skeletal feature matrix of the skeletal key points
configured to represent the human skeletal feature and the first target contour feature
matrix of the contour key points configured to represent the human contour feature from
the image to be detected by use of the first feature extraction network in the following

manner:

[ 00300] performing convolution processing on the image to be detected by use of the
common feature extraction network to obtain a basic feature matrix including the skeletal
feature and the contour feature; performing convolution processing on the basic feature
matrix by use of the first skeletal feature extraction network to obtain a first skeletal
feature matrix, acquiring a second skeletal feature matrix from a first target convolutional
layer in the first skeletal feature extraction network, and obtaining the first target skeletal
feature matrix based on the first skeletal feature matrix and the second skeletal feature
matrix, the first target convolutional layer being any other convolutional layer, except a

last convolutional layer, in the first skeletal feature extraction network; and performing
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convolution processing on the basic feature matrix by use of the first contour feature
extraction network to obtain a first contour feature matrix, acquiring a second contour
feature matrix from a second target convolutional layer in the first contour feature
extraction network, and obtaining the first target contour feature matrix based on the first
contour feature matrix and the second contour feature matrix, the second target
convolutional layer being any other convolutional layer, except a last convolutional layer,

in the first contour feature extraction network.

[ 00301] In a possible implementation mode, the detection module 152 is configured to
obtain the first target skeletal feature matrix based on the first skeletal feature matrix and
the second skeletal feature matrix in the following manner: performing concatenation
processing on the first skeletal feature matrix and the second skeletal feature matrix to

obtain a first concatenated skeletal feature matrix, and

[ 00302] performing dimension transform processing on the first concatenated skeletal

feature matrix to obtain the first target skeletal feature matrix.

[ 00303] The operation that the first target contour feature matrix is obtained based on
the first contour feature matrix and the second contour feature matrix includes that:
concatenation processing is performed on the first contour feature matrix and the second
contour feature matrix to obtain a first concatenated contour feature matrix, and
dimension transform processing is performed on the first concatenated contour feature
matrix to obtain the first target contour feature matrix, a dimension of the first target
skeletal feature matrix being the same as a dimension of the first target contour feature
matrix and the first target skeletal feature matrix and the first target contour feature

matrix being the same in dimensionality in the same dimension.

[ 00304] In a possible implementation mode, the feature fusion neural network includes
a first convolutional neural network, a second convolutional neural network, a first

transform neural network and a second transform neural network.

[ 00305] The detection module 152 is configured to perform feature fusion on the first
target skeletal feature matrix and the first target contour feature matrix by use of the

feature fusion neural network to obtain the second target skeletal feature matrix and the
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second target contour feature matrix in the following manner: performing convolution
processing on the first target skeletal feature matrix by use of the first convolutional
neural network to obtain a first intermediate skeletal feature matrix, and performing
convolution processing on the first target contour feature matrix by use of the second
convolutional neural network to obtain a first intermediate contour feature matrix;
performing concatenation processing on the first intermediate contour feature matrix and
the first target skeletal feature matrix to obtain a first concatenated feature matrix, and
performing dimension transform on the first concatenated feature matrix by use of the
first transform neural network to obtain the second target skeletal feature matrix; and
performing concatenation processing on the first intermediate skeletal feature matrix and
the first target contour feature matrix to obtain a second concatenated feature matrix, and
performing dimension transform on the second concatenated feature matrix by use of the

second transform neural network to obtain the second target contour feature matrix.

[ 00306] In a possible implementation mode, the feature fusion neural network includes
a first directional convolutional neural network, a second directional convolutional neural
network, a third convolutional neural network, a fourth convolutional neural network, a

third transform neural network and a fourth transform neural network.

[ 00307] The detection module 152 is configured to perform feature fusion on the first
target skeletal feature matrix and the first target contour feature matrix by use of the
feature fusion neural network to obtain the second target skeletal feature matrix and the
second target contour feature matrix in the following manner: performing directional
convolution processing on the first target skeletal feature matrix by use of the first
directional convolutional neural network to obtain a first directional skeletal feature
matrix, and performing convolution processing on the first directional skeletal feature
matrix by use of the third convolutional neural network to obtain a second intermediate
skeletal feature matrix; performing directional convolution processing on the first target
contour feature matrix by use of the second directional convolutional neural network to
obtain a first directional contour feature matrix, and performing convolution processing
on the first directional contour feature matrix by use of the fourth convolutional neural
network to obtain a second intermediate contour feature matrix; performing

concatenation processing on the second intermediate contour feature matrix and the first
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target skeletal feature matrix to obtain a third concatenated feature matrix, and
performing dimension transform on the third concatenated feature matrix by use of the
third transform neural network to obtain the second target skeletal feature matrix; and
performing concatenation processing on the second intermediate skeletal feature matrix
and the first target contour feature matrix to obtain a fourth concatenated feature matrix,
and performing dimension transform on the fourth concatenated feature matrix by use of

the fourth transform neural network to obtain the second target contour feature matrix.

[ 00308] In a possible implementation mode, the feature fusion neural network includes

a shift estimation neural network and a fifth transform neural network.

[ 00309] The detection module 152 is configured to perform feature fusion on the first
target skeletal feature matrix and the first target contour feature matrix by use of the
feature fusion neural network to obtain the second target skeletal feature matrix and the
second target contour feature matrix in the following manner: performing concatenation
processing on the first target skeletal feature matrix and the first target contour feature
matrix to obtain a fifth concatenated feature matrix; inputting the fifth concatenated
feature matrix to the shift estimation neural network, and performing shift estimation on
multiple predetermined key point pairs to obtain shift information of a shift from one key
point in each key point pair to the other key point in the key point pair; by taking each
key point in each key point pair as a present key point, acquiring, from a three-
dimensional feature matrix corresponding to the other key point paired with the present
key point, a two-dimensional feature matrix corresponding to the paired other key point;
performing positional shifting on elements in the two-dimensional feature matrix
corresponding to the paired other key point according to the shift information of the shift
from the paired other key point to the present key point to obtain a shift feature matrix
corresponding to the present key point; for each skeletal key point, performing
concatenation processing on a two-dimensional feature matrix corresponding to the
skeletal key point and each shift feature matrix corresponding to the skeletal key point to
obtain a concatenated two-dimensional feature matrix of the skeletal key point, inputting
the concatenated two-dimensional feature matrix of the skeletal key point to the fifth
transform neural network to obtain a target two-dimensional feature matrix

corresponding to the skeletal key point, and generating the second target skeletal feature
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matrix based on the target two-dimensional feature matrices respectively corresponding
to all skeletal key points; and for each contour key point, performing concatenation
processing on a two-dimensional feature matrix corresponding to the contour key point
and each shift feature matrix corresponding to the contour key point to obtain a
concatenated two-dimensional feature matrix of the contour key point, inputting the
concatenated two-dimensional feature matrix of the contour key point to the fifth
transform neural network to obtain a target two-dimensional feature matrix
corresponding to the contour key point, and generating the second target contour feature
matrix based on the target two-dimensional feature matrices respectively corresponding

to all contour key points.

[ 00310] In a possible implementation mode, the human detection method is
implemented through a human detection model; the human detection model includes the
first feature extraction network and/or the feature fusion neural network; and the human
detection model is obtained by training through sample images in a training sample set,
the sample images being tagged with practical position information of the skeletal key
points of the human skeletal structure and practical position information of the contour

key points of the human contour.

[ 00311] The descriptions about the processing flow of each module in the apparatus
and interaction flows between each module may refer to the related descriptions in the

method embodiments, and elaborations are omitted herein.

[ 00312] The embodiments of the disclosure also provide a computer device. FIG. 16 is
a structure diagram of a computer device according to embodiments of the disclosure.

The computer device includes:

[ 00313] a memory 11, a storage medium 12 and a bus 13. The storage medium 12 is
configured to store executable instructions, and includes a memory 121 and an external
memory 122. Herein, the memory 121, also called an internal memory, is configured to
temporarily store processing data in the processor 11 and data exchanged with the
external memory 122 such as a hard disk. The processor 11 performs data exchange with
the memory 121 and the external memory 122. Under the condition that the computer

device 100 runs, the processor 11 communicates with the storage medium 12 through the
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bus 13 such that the processor 11 executes the following instructions of: acquiring an
image to be detected; determining position information of skeletal key points configured
to represent a human skeletal structure and position information of contour key points
configured to represent a human contour based on the image to be detected; and
generating a human detection result based on the position information of the skeletal key

points and the position information of the contour key points.

[ 00314] The embodiments of the disclosure also provide a computer-readable storage
medium, in which computer programs are stored, the computer programs being operated
by a processor to execute the operations of the human detection method in the method

embodiments.

[ 00315] A computer program product for a human detection method provided in the
embodiments of the disclosure includes a computer-readable storage medium storing
program codes, and instructions in the program codes may be configured to execute the
operations of the human detection method in the method embodiments, specifically

referring to the method embodiments. Elaborations are omitted herein.

[ 00316] It can be clearly learned by those skilled in the art that specific working
processes of the system and device described above may refer to the corresponding
processes in the method embodiment and will not be elaborated herein for convenient
and brief description. In some embodiments provided by the disclosure, it is to be
understood that the disclosed system, device and method may be implemented in another
manner. 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 another 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
communication interfaces, of the device or the units, and may be electrical and

mechanical or adopt other forms.

[ 00317] The units described as separate parts may or may not be physically separated,
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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 or all
of the units may be selected to achieve the purpose of the solutions of the embodiments

according to a practical requirement.

[ 00318] In addition, each functional unit in each embodiment of the disclosure may be
integrated into a processing unit, each unit may also physically exist independently, and

two or more than two units may also be integrated into a unit.

[ 00319] When being realized in form of software functional unit and sold or used as an
independent product, the function may also be stored in a non-volatile computer-readable
storage medium executable for the processor. Based on such an understanding, the
technical solutions of the disclosure substantially or parts making contributions to the
conventional art or part of the technical solutions may be embodied in form of software
product, and the computer software product is stored in a storage medium, including a
plurality of instructions configured to enable a computer device (which may be a
personal computer, a server, a network device or the like) to execute all or part of the
steps of the method in each embodiment of the disclosure. The storage medium includes:
various media capable of storing program codes such as a U disk, a mobile hard disk, a
Read-Only Memory (ROM), a Random Access Memory (RAM), a magnetic disk or an
optical disk.

[ 00320] It is finally to be noted that the above embodiments are only the specific
implementation modes of the disclosure and are adopted not to limit the disclosure but to
describe the technical solutions of the disclosure. The scope of protection of the
disclosure is not limited thereto. Although the disclosure is described with reference to
the embodiments in detail, those of ordinary skill in the art should know that those skilled
in the art may still make modifications or apparent variations to the technical solutions
recorded in the embodiments or make equivalent replacements to part of technical
features within the technical scope disclosed in the disclosure and these modifications,
variations or replacements do not make the essence of the corresponding technical
solutions departs from the spirit and scope of the technical solutions of the embodiments

of the disclosure and shall fall within the scope of protection of the disclosure. Therefore,
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the scope of protection of the disclosure shall be subject to the scope of protection of the

claims.
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CLAIMS

1. A human detection method, comprising:
acquiring an image to be detected,

determining, based on the image to be detected, position information of skeletal key
points configured to represent a human skeletal structure and position information of contour

key points configured to represent a human contour; and

generating a human detection result based on the position information of the skeletal

key points and the position information of the contour key points.

2. The human detection method of claim 1, wherein the contour key points comprises main
contour key points and auxiliary contour key points, and there is at least one auxiliary contour

key point between adjacent two of the main contour key points.

3. The human detection method of claim 2, wherein determining, based on the image to be
detected, the position information of the contour key points configured to represent the human

contour comprises:

determining position information of the main contour key points based on the image to

be detected;

determining human contour information based on the position information of the main

contour key points; and

determining position information of multiple auxiliary contour key points based on the

determined human contour information.
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4. The human detection method of any one of claims 1-3, wherein the human detection result

comprises at least one of:

the image to be detected added with skeletal key point tags and contour key point tags;

or

a data set comprising the position information of the skeletal key points and the

position information of the contour key points.

5. The human detection method of claim 4, further comprising:

executing, based on the human detection result, at least one of the following
operations: human action recognition, human pose detection, human contour regulation,

human body image edition or human body mapping.

6. The human detection method of any one of claims 1-5, wherein determining, based on the
image to be detected, the position information of the skeletal key points configured to
represent the human skeletal structure and the position information of the contour key points

configured to represent the human contour comprises:

performing, based on the image to be detected, feature extraction to obtain a skeletal
feature and a contour feature, and performing feature fusion on the obtained skeletal feature

and contour feature; and

determining, based on a feature fusion result, the position information of the skeletal

key points and the position information of the contour key points.

7. The human detection method of claim 6, wherein performing, based on the image to be
detected, feature extraction to obtain the skeletal feature and the contour feature and

performing feature fusion on the obtained skeletal feature and contour feature comprises:
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performing, based on the image to be detected, at least one time of feature extraction,
and performing feature fusion on a skeletal feature and contour feature obtained by each time
of feature extraction, an (i+1)th time of feature extraction being performed based on a feature
fusion result of an ith time of feature fusion under the condition that multiple feature

extractions are performed, and i being a positive integer; and

determining, based on the feature fusion result, the position information of the skeletal
key points configured to represent the human skeletal structure and the position information

of the contour key points configured to represent the human contour comprises:

determining, based on a feature fusion result of a last time of feature fusion, the
position information of the skeletal key points and the position information of the contour key

points.

8. The human detection method of claim 7, wherein performing, based on the image to be

detected, at least one time of feature extraction comprises:

in a first time of feature extraction, extracting, from the image to be detected by use of
a first feature extraction network which is pre-trained, a first target skeletal feature matrix of
the skeletal key points configured to represent the human skeletal feature and a first target
contour feature matrix of the contour key points configured to represent the human contour

feature; and

in the (i+1)th time of feature extraction, extracting, from the feature fusion result of
the ith time of feature fusion by use of a second feature extraction network which is pre-

trained, the first target skeletal feature matrix and the first target contour feature matrix,

wherein network parameters of the first feature extraction network and the second
feature extraction network being different, and network parameters of the second feature

extraction network for different times of feature extraction being different.

9. The human detection method of claim 8, wherein performing feature fusion on the obtained
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skeletal feature and contour feature comprises:

performing, by use of a feature fusion neural network which is pre-trained, feature
fusion on the first target skeletal feature matrix and the first target contour feature matrix to

obtain a second target skeletal feature matrix and a second target contour feature matrix,

wherein the second target skeletal feature matrix is a three-dimensional skeletal
feature matrix, the three-dimensional skeletal feature matrix comprises two-dimensional
skeletal feature matrices respectively corresponding to all skeletal key points, and a value of
each element in the two-dimensional skeletal feature matrix represents a probability that a

pixel corresponding to the element is the corresponding skeletal key point;

the second target contour feature matrix is a three-dimensional contour feature matrix,
the three-dimensional contour feature matrix comprises two-dimensional contour feature
matrices respectively corresponding to all contour key points, and a value of each element in
the two-dimensional contour feature matrix represents a probability that a pixel corresponding

to the element is the corresponding contour key point; and

network parameters of the feature fusion neural network for different times of feature

fusion are different.

10. The human detection method of claim 8, wherein the first feature extraction network
comprises a common feature extraction network, a first skeletal feature extraction network

and a first contour feature extraction network, and

extracting, from the image to be detected by use of the first feature extraction network,

the first target skeletal feature matrix and the first target contour feature matrix comprises:

performing, by use of the common feature extraction network, convolution processing
on the image to be detected to obtain a basic feature matrix comprising the skeletal feature

and the contour feature;

performing, by use of the first skeletal feature extraction network, convolution

processing on the basic feature matrix to obtain a first skeletal feature matrix;
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acquiring a second skeletal feature matrix from a first target convolutional layer in the

first skeletal feature extraction network;

obtaining the first target skeletal feature matrix based on the first skeletal feature
matrix and the second skeletal feature matrix, the first target convolutional layer being any
other convolutional layer, except a last convolutional layer, in the first skeletal feature

extraction network;

performing, by use of the first contour feature extraction network, convolution

processing on the basic feature matrix to obtain a first contour feature matrix;

acquiring a second contour feature matrix from a second target convolutional layer in

the first contour feature extraction network; and

obtaining the first target contour feature matrix based on the first contour feature
matrix and the second contour feature matrix, the second target convolutional layer being any
other convolutional layer, except a last convolutional layer, in the first contour feature

extraction network.

11. The human detection method of claim 10, wherein obtaining the first target skeletal
feature matrix based on the first skeletal feature matrix and the second skeletal feature matrix

comprises:

performing concatenation processing on the first skeletal feature matrix and the second
skeletal feature matrix to obtain a first concatenated skeletal feature matrix, and performing
dimension transform processing on the first concatenated skeletal feature matrix to obtain the

first target skeletal feature matrix; and

obtaining the first target contour feature matrix based on the first contour feature

matrix and the second contour feature matrix comprises:

performing concatenation processing on the first contour feature matrix and the second
contour feature matrix to obtain a first concatenated contour feature matrix, and performing

dimension transform processing on the first concatenated contour feature matrix to obtain the
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first target contour feature matrix,

wherein a dimension of the first target skeletal feature matrix being the same as a
dimension of the first target contour feature matrix, and the first target skeletal feature matrix
and the first target contour feature matrix being the same in dimensionality in a same

dimension.

12. The human detection method of claim 9, wherein the feature fusion neural network
comprises a first convolutional neural network, a second convolutional neural network, a first

transform neural network and a second transform neural network, and

performing, by use of the feature fusion neural network, feature fusion on the first
target skeletal feature matrix and the first target contour feature matrix to obtain the second

target skeletal feature matrix and the second target contour feature matrix comprises:

performing, by use of the first convolutional neural network, convolution processing

on the first target skeletal feature matrix to obtain a first intermediate skeletal feature matrix;

performing, by use of the second convolutional neural network, convolution
processing on the first target contour feature matrix to obtain a first intermediate contour

feature matrix;

performing concatenation processing on the first intermediate contour feature matrix

and the first target skeletal feature matrix to obtain a first concatenated feature matrix;

performing, by use of the first transform neural network, dimension transform on the

first concatenated feature matrix to obtain the second target skeletal feature matrix; and

performing concatenation processing on the first intermediate skeletal feature matrix

and the first target contour feature matrix to obtain a second concatenated feature matrix; and

performing, by use of the second transform neural network, dimension transform on

the second concatenated feature matrix to obtain the second target contour feature matrix.
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13. The human detection method of claim 9, wherein the feature fusion neural network
comprises a first directional convolutional neural network, a second directional convolutional
neural network, a third convolutional neural network, a fourth convolutional neural network, a

third transform neural network and a fourth transform neural network, and

performing, by use of the feature fusion neural network, feature fusion on the first
target skeletal feature matrix and the first target contour feature matrix to obtain the second

target skeletal feature matrix and the second target contour feature matrix comprises:

performing, by use of the first directional convolutional neural network, directional
convolution processing on the first target skeletal feature matrix to obtain a first directional

skeletal feature matrix;

performing, by use of the third convolutional neural network, convolution processing
on the first directional skeletal feature matrix to obtain a second intermediate skeletal feature

matrix;

performing, by use of the second directional convolutional neural network, directional
convolution processing on the first target contour feature matrix to obtain a first directional

contour feature matrix;

performing, by use of the fourth convolutional neural network, convolution processing
on the first directional contour feature matrix to obtain a second intermediate contour feature

matrix;

performing concatenation processing on the second intermediate contour feature

matrix and the first target skeletal feature matrix to obtain a third concatenated feature matrix;

performing, by use of the third transform neural network, dimension transform on the

third concatenated feature matrix to obtain the second target skeletal feature matrix;

performing concatenation processing on the second intermediate skeletal feature
matrix and the first target contour feature matrix to obtain a fourth concatenated feature

matrix, and

performing, by use of the fourth transform neural network, dimension transform on the
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fourth concatenated feature matrix to obtain the second target contour feature matrix.

14. The human detection method of claim 9, wherein the feature fusion neural network

comprises a shift estimation neural network and a fifth transform neural network, and

performing, by use of the feature fusion neural network, feature fusion on the first
target skeletal feature matrix and the first target contour feature matrix to obtain the second

target skeletal feature matrix and the second target contour feature matrix comprises:

performing concatenation processing on the first target skeletal feature matrix and the

first target contour feature matrix to obtain a fifth concatenated feature matrix;

inputting the fifth concatenated feature matrix to the shift estimation neural network,
and performing shift estimation on multiple predetermined key point pairs to obtain shift
information of a shift from one key point in each key point pair to the other key point in the

key point pair;

by taking each key point in each key point pair as a present key point respectively,
acquiring, from a three-dimensional feature matrix corresponding to the other key point paired
with the present key point, a two-dimensional feature matrix corresponding to the paired other

key point;

performing, according to shift information of a shift from the paired other key point to
the present key point, positional shifting on elements in the two-dimensional feature matrix
corresponding to the paired other key point to obtain a shift feature matrix corresponding to

the present key point;

for each skeletal key point, performing concatenation processing on a two-dimensional
feature matrix corresponding to the skeletal key point and each shift feature matrix
corresponding to the skeletal key point to obtain a concatenated two-dimensional feature

matrix of the skeletal key point;

inputting the concatenated two-dimensional feature matrix of the skeletal key point to

the fifth transform neural network to obtain a target two-dimensional feature matrix
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corresponding to the skeletal key point;

generating the second target skeletal feature matrix based on the target two-

dimensional feature matrices respectively corresponding to all skeletal key points;

for each contour key point, performing concatenation processing on a two-dimensional
feature matrix corresponding to the contour key point and each shift feature matrix
corresponding to the contour key point to obtain a concatenated two-dimensional feature

matrix of the contour key point;

inputting the concatenated two-dimensional feature matrix of the contour key point to
the fifth transform neural network to obtain a target two-dimensional feature matrix

corresponding to the contour key point; and

generating the second target contour feature matrix based on the target two-

dimensional feature matrices respectively corresponding to all contour key points.

15. The human detection method of any one of claims 1-14, wherein the human detection
method is implemented through a human detection model, and the human detection model

comprises the first feature extraction network and/or the feature fusion neural network; and

wherein the human detection model is obtained by training through sample images in
a training sample set, the sample images being tagged with practical position information of
the skeletal key points of the human skeletal structure and practical position information of

the contour key points of the human contour.

16. A human detection apparatus, comprising:
an acquisition module, configured to acquire an image to be detected;

a detection module, configured to determine, based on the image to be detected,
position information of skeletal key points configured to represent a human skeletal structure

and position information of contour key points configured to represent a human contour; and
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a generation module, configured to generate a human detection result based on the
position information of the skeletal key points and the position information of the contour key

points.

17. The human detection apparatus of claim 16, wherein the contour key points comprises
main contour key points and auxiliary contour key points, and there is at least one auxiliary

contour key point between adjacent two of the main contour key points.

18. The human detection apparatus of claim 17, wherein the detection module is configured to
determine the position information of the contour key points configured to represent the

human contour based on the image to be detected in the following manner:

determining position information of the main contour key points based on the image to

be detected;

determining human contour information based on the position information of the main

contour key points; and

determining position information of multiple auxiliary contour key points based on the

determined human contour information.

19. The human detection apparatus of any one of claims 16-18, wherein the human detection

result comprises at least one of:

the image to be detected added with skeletal key point tags and contour key point tags;

or

a data set comprising the position information of the skeletal key points and the

position information of the contour key points.
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20. The human detection apparatus of claim 19, further comprising:

an execution module, configured to execute, based on the human detection result, at
least one of the following operations: human action recognition, human pose detection,

human contour regulation, human body image edition or human body mapping.

21. The human detection apparatus of any one of claims 16-20, wherein the detection module
is configured to determine, based on the image to be detected, the position information of the
skeletal key points configured to represent the human skeletal structure and the position
information of the contour key points configured to represent the human contour in the

following manner:

performing, based on the image to be detected, feature extraction to obtain a skeletal
feature and a contour feature, and performing feature fusion on the obtained skeletal feature

and contour feature; and

determining, based on a feature fusion result, the position information of the skeletal

key points and the position information of the contour key points.

22. The human detection apparatus of claim 21, wherein the detection module is configured to
perform, based on the image to be detected, feature extraction to obtain the skeletal feature
and the contour feature and perform feature fusion on the obtained skeletal feature and

contour feature in the following manner:

performing, based on the image to be detected, at least one time of feature extraction,
and performing feature fusion on a skeletal feature and contour feature obtained by each time
of feature extraction, an (i+1)th time of feature extraction being performed based on a feature
fusion result of an ith time of feature fusion under the condition that multiple feature

extractions are performed, and 1 being a positive integer; and

the detection module is configured to determine, based on the feature fusion result, the

position information of the skeletal key points configured to represent the human skeletal

72



structure and the position information of the contour key points configured to represent the

human contour in the following manner:

determining, based on a feature fusion result of the last time of feature fusion, the
position information of the skeletal key points and the position information of the contour key

points.

23. The human detection apparatus of claim 22, wherein the detection module is configured to
perform, based on the image to be detected, at least one time of feature extraction in the

following manner:

in a first time of feature extraction, extracting, from the image to be detected by use of
a first feature extraction network which is pre-trained, a first target skeletal feature matrix of
the skeletal key points configured to represent the human skeletal feature and a first target
contour feature matrix of the contour key points configured to represent the human contour

feature; and

in the (i+1)th time of feature extraction, extracting, from the feature fusion result of
the ith time of feature fusion by use of a second feature extraction network which is pre-

trained, the first target skeletal feature matrix and the first target contour feature matrix ,

wherein network parameters of the first feature extraction network and the second
feature extraction network being different, and network parameters of the second feature

extraction network for different times of feature extraction being different.

24. The human detection apparatus of claim 23, wherein the detection module is configured to
perform feature fusion on the obtained skeletal feature and contour feature in the following

manner:

performing, by use of a feature fusion neural network which is pre-trained, feature
fusion on the first target skeletal feature matrix and the first target contour feature matrix to

obtain a second target skeletal feature matrix and a second target contour feature matrix,
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wherein the second target skeletal feature matrix is a three-dimensional skeletal
feature matrix, the three-dimensional skeletal feature matrix comprises two-dimensional
skeletal feature matrices respectively corresponding to all skeletal key points, and a value of
each element in the two-dimensional skeletal feature matrix represents a probability that a

pixel corresponding to the element is the corresponding skeletal key point;

the second target contour feature matrix is a three-dimensional contour feature matrix,
the three-dimensional contour feature matrix comprises two-dimensional contour feature
matrices respectively corresponding to all contour key points, and a value of each element in
the two-dimensional contour feature matrix represents a probability that a pixel corresponding

to the element is the corresponding contour key point; and

network parameters of the feature fusion neural network for different times of feature

fusion are different.

25. The human detection apparatus of claim 23, wherein the first feature extraction network
comprises a common feature extraction network, a first skeletal feature extraction network

and a first contour feature extraction network, and

the detection module is configured to extract, from the image to be detected by use of
the first feature extraction network, the first target skeletal feature matrix and the first target

contour feature matrix in the following manner:

performing, by use of the common feature extraction network, convolution processing
on the image to be detected to obtain a basic feature matrix comprising the skeletal feature

and the contour feature;

performing, by use of the first skeletal feature extraction network, convolution

processing on the basic feature matrix to obtain a first skeletal feature matrix;

acquiring a second skeletal feature matrix from a first target convolutional layer in the

first skeletal feature extraction network;

obtaining the first target skeletal feature matrix based on the first skeletal feature
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matrix and the second skeletal feature matrix, the first target convolutional layer being any
other convolutional layer, except a last convolutional layer, in the first skeletal feature

extraction network;

performing, by use of the first contour feature extraction network, convolution

processing on the basic feature matrix to obtain a first contour feature matrix;

acquiring a second contour feature matrix from a second target convolutional layer in

the first contour feature extraction network; and

obtaining the first target contour feature matrix based on the first contour feature
matrix and the second contour feature matrix, the second target convolutional layer being any
other convolutional layer, except a last convolutional layer, in the first contour feature

extraction network.

26. The human detection apparatus of claim 25, wherein the detection module is configured to
obtain the first target skeletal feature matrix based on the first skeletal feature matrix and the

second skeletal feature matrix in the following manner:

performing concatenation processing on the first skeletal feature matrix and the second

skeletal feature matrix to obtain a first concatenated skeletal feature matrix, and

performing dimension transform processing on the first concatenated skeletal feature

matrix to obtain the first target skeletal feature matrix; and

obtaining the first target contour feature matrix based on the first contour feature

matrix and the second contour feature matrix comprises:

performing concatenation processing on the first contour feature matrix and the second

contour feature matrix to obtain a first concatenated contour feature matrix, and

performing dimension transform processing on the first concatenated contour feature

matrix to obtain the first target contour feature matrix,

wherein a dimension of the first target skeletal feature matrix being the same as a
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dimension of the first target contour feature matrix and the first target skeletal feature matrix
and the first target contour feature matrix being the same in dimensionality in a same

dimension.

27. The human detection apparatus of claim 24, wherein the feature fusion neural network
comprises a first convolutional neural network, a second convolutional neural network, a first

transform neural network and a second transform neural network, and

the detection module is configured to perform, by use of the feature fusion neural
network, feature fusion on the first target skeletal feature matrix and the first target contour
feature matrix to obtain the second target skeletal feature matrix and the second target contour

feature matrix in the following manner:

performing, by use of the first convolutional neural network, convolution processing

on the first target skeletal feature matrix to obtain a first intermediate skeletal feature matrix;

performing, by use of the second convolutional neural network, convolution
processing on the first target contour feature matrix to obtain a first intermediate contour

feature matrix;

performing concatenation processing on the first intermediate contour feature matrix

and the first target skeletal feature matrix to obtain a first concatenated feature matrix;

performing, by use of the first transform neural network, dimension transform on the

first concatenated feature matrix to obtain the second target skeletal feature matrix; and

performing concatenation processing on the first intermediate skeletal feature matrix

and the first target contour feature matrix to obtain a second concatenated feature matrix;

performing, by use of the second transform neural network, dimension transform on

the second concatenated feature matrix to obtain the second target contour feature matrix.

28. The human detection apparatus of claim 24, wherein the feature fusion neural network
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comprises a first directional convolutional neural network, a second directional convolutional
neural network, a third convolutional neural network, a fourth convolutional neural network, a

third transform neural network and a fourth transform neural network, and

the detection module is configured to perform, by use of the feature fusion neural
network, feature fusion on the first target skeletal feature matrix and the first target contour
feature matrix to obtain the second target skeletal feature matrix and the second target contour

feature matrix in the following manner:

performing, by use of the first directional convolutional neural network, directional
convolution processing on the first target skeletal feature matrix to obtain a first directional

skeletal feature matrix;

performing, by use of the third convolutional neural network, convolution processing
on the first directional skeletal feature matrix to obtain a second intermediate skeletal feature

matrix;

performing, by use of the second directional convolutional neural network, directional
convolution processing on the first target contour feature matrix to obtain a first directional

contour feature matrix;

performing, by use of the fourth convolutional neural network, convolution processing
on the first directional contour feature matrix to obtain a second intermediate contour feature

matrix;

performing concatenation processing on the second intermediate contour feature

matrix and the first target skeletal feature matrix to obtain a third concatenated feature matrix;

performing, by use of the third transform neural network, dimension transform on the

third concatenated feature matrix to obtain the second target skeletal feature matrix; and

performing concatenation processing on the second intermediate skeletal feature
matrix and the first target contour feature matrix to obtain a fourth concatenated feature

matrix;

performing, by use of the fourth transform neural network, dimension transform on the
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fourth concatenated feature matrix to obtain the second target contour feature matrix.

29. The human detection apparatus of claim 24, wherein the feature fusion neural network

comprises a shift estimation neural network and a fifth transform neural network, and

the detection module is configured to perform, by use of the feature fusion neural
network, feature fusion on the first target skeletal feature matrix and the first target contour
feature matrix to obtain the second target skeletal feature matrix and the second target contour

feature matrix in the following manner:

performing concatenation processing on the first target skeletal feature matrix and the

first target contour feature matrix to obtain a fifth concatenated feature matrix;

inputting the fifth concatenated feature matrix to the shift estimation neural network,
and performing shift estimation on multiple predetermined key point pairs to obtain shift
information of a shift from one key point in each key point pair to the other key point in the

key point pair;

by taking each key point in each key point pair as a present key point respectively,
acquiring, from a three-dimensional feature matrix corresponding to the other key point paired
with the present key point, a two-dimensional feature matrix corresponding to the paired other

key point;

performing, according to shift information of a shift from the paired other key point to
the present key point, positional shifting on elements in the two-dimensional feature matrix
corresponding to the paired other key point to obtain a shift feature matrix corresponding to

the present key point;

for each skeletal key point, performing concatenation processing on a two-dimensional
feature matrix corresponding to the skeletal key point and each shift feature matrix
corresponding to the skeletal key point to obtain a concatenated two-dimensional feature

matrix of the skeletal key point;

inputting the concatenated two-dimensional feature matrix of the skeletal key point to
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the fifth transform neural network to obtain a target two-dimensional feature matrix

corresponding to the skeletal key point;

generating the second target skeletal feature matrix based on the target two-

dimensional feature matrices respectively corresponding to all skeletal key points;

for each contour key point, performing concatenation processing on a two-dimensional
feature matrix corresponding to the contour key point and each shift feature matrix
corresponding to the contour key point to obtain a concatenated two-dimensional feature

matrix of the contour key point;

inputting the concatenated two-dimensional feature matrix of the contour key point to
the fifth transform neural network to obtain a target two-dimensional feature matrix

corresponding to the contour key point; and

generating the second target contour feature matrix based on the target two-

dimensional feature matrices respectively corresponding to all contour key points.

30. The human detection apparatus of any one of claims 16-29, wherein a human detection
function of the human detection apparatus is realized through a human detection model, and
the human detection model comprises the first feature extraction network and/or the feature

fusion neural network; and

wherein the human detection model is obtained by training through sample images in
a training sample set, the sample images being tagged with practical position information of
the skeletal key points of the human skeletal structure and practical position information of

the contour key points of the human contour.

31. A computer device, comprising a processor, a non-transitory storage medium and a bus,
wherein the non-transitory storage medium stores machine-readable instructions executable
for the processor; under the condition that the computer device runs, the processor

communicates with the non-transitory storage medium through the bus; and the machine-
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readable instructions are executed by the processor to execute the operations of the method of

any one of claims 1-15.

32. A computer-readable storage medium, in which computer programs is stored, wherein the
computer programs are operated by a processor to execute the operations of the method of any

one of claims 1-15.
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