FACE-HAND CORRELATION DEGREE DETECTION METHOD AND
APPARATUS, DEVICE AND STORAGE MEDIUM

TECHNICAL FIELD

[ 0001] Embodiments of the present application relate to the technical field of image
processing, and relate to, but are not limited to, a face-hand correlation degree detection

method and apparatus, a device, and a storage medium.

BACKGROUND

[ 0002] The relationship analysis between objects based on images or videos is an
important application scenario of computer vision. The relationship analysis between
body parts aims to determine whether the body parts appearing in the images belong to
the same human body or not, especially in the relationship analysis between a face and a
hand, the identity of a person performing a specific operation can be determined on the

basis of the action of the hand and the relationship between the hand and the face.

[ 0003] In a complex scene with many people, a person may be occluded by another
person, or arms may be staggered. In the related art, a trained neural network is
configured to extract visual features of a face region and visual features of a hand region,
and then predict the correlation degree of the face and the hand, so as to judge whether
the face and the hand belong to the same human body. The prediction accuracy of the

method for the correlation degree of the hand and the face is to be improved.

SUMMARY

[ 0004] The embodiments of the present application provide a face-hand correlation

degree detection method.



[ 0005] Technical solutions of the embodiments of the present application are

implemented as follows.

[ 0006] The embodiments of the present application provide a face-hand correlation

degree detection method, which may include the following operations.
[ 0007] An image to be detected is acquired.

[ 0008] A face feature set and a hand feature set of the image to be detected are
determined on the basis of a result obtained by performing face and hand detection on the
image to be detected. Each face feature in the face feature set corresponds to one face in
a picture of the image to be detected. Each hand feature in the hand feature set

corresponds to one hand in the picture of the image to be detected.

[ 0009] A first interaction feature of a target face is determined on the basis of a face
feature of the target face and the hand feature set. The target face is any face in the

picture of the image to be detected.

[ 0010] A second interaction feature of a target hand is determined on the basis of a
hand feature of the target hand and the face feature set. The target hand is any hand in the

picture of the image to be detected.

[ 0011] The correlation degree between the target face and the target hand is

determined on the basis of the first interaction feature and the second interaction feature.

[ 0012] In some embodiments, the operation that a face feature set and a hand feature
set of the image to be detected are determined on the basis of a result obtained by
performing face and hand detection on the image to be detected may include: a face
detection box of each face and a hand detection box of each hand in the picture of the
image to be detected are determined on the basis of the result obtained by performing
face and hand detection on the image to be detected; a feature of each face is extracted
based on the face detection box of each face to obtain the face feature set; and a hand of
each hand is extracted based on the hand detection box of each hand to obtain the hand
feature set. Thus, the accuracy of target detection for the face and the hand in the image

to be detected can be improved.



[ 0013] In some embodiments, the operation that a first interaction feature of a target
face is determined on the basis of a face feature of the target face and the hand feature set
may include that: a first undirected graph is constructed on the basis of the target face and
the each hand in the picture, the first undirected graph including a first node
corresponding to the target face, a second node in one-to-one correspondence with each
hand, and a first side in one-to-one correspondence with the second node, each first side
being configured to connect the first node and one of the second nodes; a first correlation
degree between a hand feature of the hand corresponding to the second node connected
to each first side and the face features of the target face in the first undirected graph is
determined; and the first interaction feature is determined on the basis of the face feature
of the target face, the hand feature of each hand in the picture, and the corresponding first
correlation degree. Thus, a plurality of hand features around the target face in the image
to be detected are fused into the face features, which is beneficial to improving the

accuracy of correlating the target face and the hand.

[ 0014] In some embodiments, the operation that the first correlation degree between a
hand feature of the hand corresponding to the second node connected to each first side
and the face feature of the target face in the first undirected graph is determined may
include that: a first confidence degree that the hand corresponding to the second node
connected to each first side and the target face belong to the same body is determined on
the basis of the hand feature of the hand corresponding to the second node connected to
each first side and the face feature of the target face; the first confidence degree that the
hand corresponding to the second node connected to each first side and the target face in
the first undirected graph belong to the same body is normalized, to obtain the first
correlation degree between the hand feature of the hand corresponding to the second
node connected to each first side and the face feature of the target face. Thus, the
correlation degree between the hand on each first side and the target face can be
predicted more accurately by inputting the first undirected graph into a GAT (Graph
Attention Network).

[ 0015] In some embodiments, the operation that the first interaction feature is
determined on the basis of the face feature of the target face, the hand feature of each

hand in the picture, and the corresponding first correlation degree may include: the hand



feature of each hand are adjusted on the basis of the first correlation degree
corresponding to each hand, to obtain an adjusted feature of each hand; and the adjusted
features of each hand in the picture and the face feature in the target face are fused, so as
to obtain the first interaction feature. Thus, the accuracy of the correlation degree

between the target face and the target hand can be optimized.

[ 0016] In some embodiments, the operation that a second interaction feature of a
target hand is determined on the basis of a hand feature of the target hand and the face
feature set may include that: a second undirected graph is constructed on the basis of the
target hand and each face in the picture, the second undirected graph including a third
node corresponding to the target hand, a fourth node in one-to-one correspondence with
each face, and a second side in one-to-one correspondence with the fourth node, each
second side being configured to connect the third node and one of fourth nodes; a second
correlation degree between a face feature of the face corresponding to the fourth node
connected to each second side and the hand feature of the target hand in the second
undirected graph is determined; and the second interaction feature is determined on the
basis of the hand feature of the target hand, the face feature of each face in the picture,
and the corresponding second correlation degree. Thus, for each hand of the plurality of
hands, weighted fusion is performed on the hand feature of the target hand, the face
features of in the image, and the features of other body parts, so that the obtained second

interaction feature can effectively represent surrounding information of the target hand.

[ 0017] In some embodiments, the operation that the second correlation degree
between a face feature of the face corresponding to the fourth node connected to each
second side and the hand feature of the target hand in the second undirected graph is
determined may include that: a second confidence degree that the face corresponding to
the fourth node connected to each second side and the target hand belong to the same
body is determined on the basis of the face features of the face corresponding to the
fourth node connected to each second side and the hand feature of the target hand; the
second confidence degree that the face corresponding to the fourth node connected to
each second side and the target hand in the second undirected graph belong to the same
body is normalized, to obtain the second correlation degree between the face feature of

the face corresponding to the fourth node connected to each second side and the hand



feature of the target hand. Thus, the correlation degree between the face on each second
side and the target hand can be predicted more accurately by inputting the second

undirected graph into the GAT.

[ 0018] In some embodiments, the operation that the second interaction feature is
determined on the basis of the hand feature of the target hand, the face feature of each
face in the picture, and the corresponding second correlation degree may include: the
face feature of each face is adjusted on the basis of the second correlation degree
corresponding to each face, to obtain an adjusted feature of each face; and the adjusted
features of each face in the picture and the hand feature in the target hand are fused, so as
to obtain the second interaction feature. Thus, the accuracy of the correlation degree

between the target face and the target hand can be optimized.

[ 0019] In some embodiments, the operation that a correlation degree between the
target face and the target hand is determined on the basis of the first interaction feature
and the second interaction feature includes that: a third confidence degree that the target
face and the target hand belong to the same body is determined on the basis of the first
interaction feature and the second interaction feature; and the third confidence degree is
determined as the correlation degree between the target face and the target hand. Thus,
the prediction accuracy of a correlation result between the target face and the target hand
in the image to be detected can be improved by predicting whether the target face and the

target hand belong to the same body by using two fully connected layers in series.

[ 0020] In some embodiments, in a case where the image to be detected further
includes other body parts, the method further includes that: a body feature set of other
body parts of the image to be detected is determined on the basis of a result obtained by
performing detection of the other body parts on the image to be detected, each body
feature in the body feature set corresponding to one of the other body parts in a picture of
the image to be detected. The operation that a first interaction feature of the target face is
determined on the basis of a face feature of the target face and the hand feature set
includes that: the first interaction feature is determined on the basis of the face feature of
the target face, the body feature set, and the hand feature set. The operation that a second

interaction feature is determined on the basis of a hand feature of the target hand and the



face feature set includes that: the second interaction feature is determined on the basis of
the hand features of the target hand, the body feature set, and the face feature set. Thus,
the first interaction feature and the second interaction feature can represent the features of

other body parts in the image more eftectively.

[ 0021] The embodiments of the present application provide a face-hand correlation
degree detection apparatus, which may include a first acquisition module, a first
determination module, a second determination module, a third determination module, and

a fourth determination module.
[ 0022] The first acquisition module is configured to acquire an image to be detected.

[ 0023] The first determination module is configured to determine a face feature set
and a hand feature set of the image to be detected on the basis of a result obtained by
performing face and hand detection on the image to be detected. Each face feature in the
face feature set corresponds to one face in a picture of the image to be detected. Each
hand feature in the hand feature set corresponds to one hand in the picture of the image to

be detected.

[ 0024] The second determination module is configured to determine a first interaction
feature of a target face on the basis of a face feature of the target face and the hand

feature set. The target face is any face in the picture of the image to be detected.

[ 0025] The third determination module is configured to determine a second interaction
feature of a target hand on the basis of a hand feature of the target hand and the face

feature set. The target hand is any hand in the picture of the image to be detected.

[ 0026] The fourth determination module is configured to determine a correlation
between the target face and the target hand on the basis of the first interaction feature and

the second interaction feature.

[ 0027] The embodiments of the present application provide a computer storage
medium. The computer storage medium stores a computer executable instruction. The
computer executable instruction is executed to implement the above-mentioned face-

hand correlation degree detection method.



[ 0028] The embodiments of the present application provide a computer device. The
computer device includes a memory and a processor. The memory stores a computer
executable instruction. The processor executes the computer executable instruction on the
memory to implement the above-mentioned face-hand correlation degree detection

method.

[ 0029] According to the face-hand correlation degree detection method and apparatus,
the device, and the storage medium provided by the embodiments of the present
application, feature extraction is first performed on the acquired image to be detected
including faces and hands to obtain the face feature set and the hand feature set. Then, for
any target face of the faces, the first interaction feature that can represent the hand
features around the target face can be obtained by fusing the hand feature set of the hand
in the image. Meanwhile, the second interaction feature that can represent the face
features around the target hand is obtained by fusing the face feature set of the faces in
the image. Finally, the correlation degree of the target face and the target hand can be
predicted more accurately through the first interaction feature and the second interaction

feature including the features representing surrounding information.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0030] FIG. 1 is an implementation flowchart of a face-hand correlation degree

detection method according to an embodiment of the present application.

[ 0031] FIG. 2 is another implementation flowchart of a face-hand correlation degree

detection method according to an embodiment of the present application.

[ 0032] FIG. 3 is a schematic diagram of a training framework of a face-hand

correlation network model according to an embodiment of the present application.

[ 0033] FIG. 4 is a schematic diagram of an implementation framework of a GAT

provided by an embodiment of the present application.

[ 0034] FIG. 5 is a schematic diagram of composition structures of a face-hand



correlation degree detection apparatus according to an embodiment of the present

application.

[ 0035] FIG. 6 is a schematic diagram of composition structures of a computer device

according to an embodiment of the present application.

DETAILED DESCRIPTION

[ 0036] To make the purposes, technical solutions, and advantages of the embodiments
of the present application clearer, specific technical solutions of the present application
will be further described in detail with reference to the accompanying drawings in the
embodiments of the present disclosure. The following embodiments are used to describe

the present application rather than limiting the scope of the present application.

[ 0037] "Some embodiments" involved in the following descriptions describes a subset
of all possible embodiments. However, it can be understood that "some embodiments"
may be the same subset or different subsets of all the possible embodiments, and may be

combined without conflicts.

[ 0038] The term "first/second/third" involved in the description below is only for
distinguishing similar objects and does not represent a specific sequence of the objects. It
can be understood that "first/second/third" may be interchanged to specific sequences or
orders if allowed to implement the embodiments of the present application described

herein in sequences except the illustrated or described ones.

[ 0039] Unless otherwise defined, all technical and scientific terms used herein shall
have the same meanings as commonly understood by those skilled in the art to which this
application belongs. The terms used herein are only intended to describe the
embodiments of the present application, and are not intended to limit the present

application.

[ 0040] Before further describing the embodiments of the present application in detail,

nouns and terms involved in the embodiments of the present application are described.



The nouns and terms involved in the embodiments of the present application are

applicable to the following explanations.

[ 0041] 1) Computer vision is a science that studies how to make a machine "see",
which refers to identifying, tracking, and measuring a target by using a camera and

computer instead of human eyes, and further performing image processing.

[ 0042] 2) Training data of the GAT is a graph, not the previous data directly
represented arbitrarily by Euclidean space. The simplest input data also includes an
adjacency matrix and a node feature, and the node of the graph is not only weighting, but
also many features. As a representative graph convolution network, the GAT introduces
an attention mechanism to achieve better neighbor aggregation. The GAT can realize
weighted aggregation of neighbors by learning the weight of the neighbors. Therefore,
the GAT is not only robust to noisy neighbors, but also the attention mechanism gives a

model certain interpretability.

[ 0043] 3) A Feature Pyramid Network (FPN) is a network, which mainly solves a
multi-scale problem in object detection. Prediction is performed independently in
different feature layers, and the performance of small object detection is greatly
improved under the condition of not increasing the calculation amount of the original

model basically through simple network connection.

[ 0044] Exemplary applications of a face-hand correlation degree detection device
provided by the embodiments of the present application. The device provided by the
embodiments of the present application may be implemented as various types of user
terminals, such as a notebook computer, a tablet computer, a desktop computer, a camera,
a mobile device (for example, a personal digital assistant, a special message device, and a
portable game device) with an image collection function, and may also be implemented
as a server. An exemplary application when the device is implemented as a terminal or a

server will be described below.

[ 0045] The method may be applied to a computer device. The function realized by the
method can be realized by calling program codes by the processor in the computer

device. Of course, the program codes can be stored in the computer storage medium. It



can be seen that the computer device at least includes a processor and a storage medium.

[ 0046] The embodiments of the present application provide a face-hand correlation
degree detection method, as shown in FIG. 1, is described in combination with the steps

as shown in FIG. 1.
[ 0047] At S101, an image to be detected is acquired.

[ 0048] In some embodiments, the image to be detected may be a color image, or may
also be a gray image. Faces and hands may be located in a foreground region, a medium
shot region, and a background region of the image to be detected. A picture of the image
to be detected includes at least one person and at least one hand. The face in the image to
be detected refers to the picture that can present all or part of face information in the
image to be detected. Correspondingly, the hand in the image to be detected may refer to
left hand information, right hand information, left and right hand information, etc.,
presented in the image to be detected. The image to be detected may be image collected
in any scenario, for example, the image collected in a game place including a plurality of
players and player hands. The face is the face of the player, and the hand is the hand of

the player. There is at least one face and at least two hands in the image to be detected.

[ 0049] In some embodiments, the state of the at least one face presented in the image
to be detected may be: a complete face, a half face, a clear or unclear face, etc.
Correspondingly, the state of the hand presented in the image to be detected may be:

open or closed, and may also be partially closed, etc.

[ 0050] In some embodiments, the image content of the image to be detected includes,
but not limited to, the face and the hand. For example, the image to be detected may also
include other body parts (for example, a wrist, an elbow, a waist, a neck, etc.). The image
to be detected may be that the face and the hand in the image content are located in the
same scenario, for example, a classroom, a park, an office, or a game place. Meanwhile,
the image content in the image to be detected may include one, two or more than two
faces and hands. Correspondingly, a relative positional relationship between the face and
the hand in the image content of the image to be detected may be left-right, front-back,

one under the other, etc.
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[ 0051] At S102, a face feature set and a hand feature set of the image to be detected
are determined on the basis of the result obtained by performing face and hand detection

on the image to be detected.

[ 0052] In some embodiments, the face detection and hand detection is performed on
the image to be detected to obtain the result of the face and hand detection on the image
to be detected, a detected face is marked by using a body detection box, and a detected
hand is marked by using a hand detection box. Each face feature in the face feature set
corresponds to one face in the picture of the image to be detected. Each hand feature in
the hand feature set corresponds to one hand in the picture of the image to be detected. In
some possible implementation manners, first, a face detection box of each face and a
hand detection box of the hand in the image to be detected are predicted by using a
detection model; and then, feature extraction is performed on each face detection box and
each hand detection frame to obtain a face feature set and a hand feature set. If the image
to be detected further includes body parts other than face and hand, body detection boxes
of the other body parts are predicted by using a detection model to obtain a body feature

set.

[ 0053] In some possible implementation manners, firstly, image information of an
image to be detected is extracted by adopting a backbone network to generate a feature
graph. The backbone network may include a convolution module for performing
convolution processing on the image. Secondly, the feature map is input into a feature
pyramid network to obtain image features with different resolutions. Thirdly, the image
features with different resolutions are input into a region generation network, so as to
determine region candidates in the image to be detected. Finally, the region candidates
are input into Regions with CNN (RCNN) with convolution neural network features to
obtain a face detection box of the face and a hand detection box of the hand in each
region candidate, and feature extraction is performed on the face and the hand in the
detection boxes to obtain a face feature set and a hand feature set. The above-mentioned

backbone network, the FPN, and the RCNN may be trained neural networks.

[ 0054] At S103, a first interaction feature of a target face is determined on the basis of

a face feature of the target face and the hand feature set.
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[ 0055] In some embodiments, the target face is any face in the picture of the image to
be detected. The features of the target face and the hand features of each hand included in
the image to be detected are fused in a manner of splicing, superposing, etc. to obtain a
first interaction feature. If the image to be detected further includes other body parts, then
the features of the other body parts and the hand features of each hand are fused into the
face features of a target face to obtain a first interaction feature, so that the first

interaction feature can effectively express the body information around the target face.

[ 0056] In some possible implementation manners, an undirected graph is constructed
by taking the target face as a central node and connecting the central node representing
the target face and a node representing each hand. The constructed undirected graph is
taken as an input of the GAT, and the GAT determines the correlation degree between
each hand and the target face for each side in the undirected graph, so that all hands in
the image to be detected are fused with the target face through the correlation degree to

obtain the first interaction feature.

[ 0057] At S104, a second interaction feature of the target hand is determined on the

basis of a hand feature of the target hand and the face feature set.

[ 0058] In some embodiments, the target hand is any hand in the picture of the image
to be detected. A second interaction feature is obtained by fusing the features of the target
hand and the face features of each face included in the image to be detected. If the image
to be detected further includes other body parts, then the features of the other body parts
and the face features of each face are fused into the hand features of the target hand to
obtain the second interaction feature, so that the second interaction feature can effectively

express the face features and identity information around the target face.

[ 0059] In some possible implementation manners, an undirected graph is formed by
taking the target hand as a central node and connecting the central node representing the
target hand and a node representing each face. The constructed undirected graph is taken
as an input of the GAT, and the GAT determines the correlation degree between each face
and the target hand for each side in the undirected graph, so that all faces in the image to
be detected are fused with the target hand through the correlation degree to obtain the

second interaction feature.
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[ 0060] At S105, a correlation degree between the target face and the target hand is

determined on the basis of the first interaction feature and the second interaction feature.

[ 0061] In some embodiments, the first interaction feature output by the GAT and the
second interaction feature output by another GAT are input into a Pair head to predict
whether the first interaction feature and the second interaction feature belong to the same
body, so as to obtain a correlation degree representing whether the target face and the
target hand belong to the same body. The Pair head may be a neural network for

classifying, and it may be trained in advance.

[ 0062] In some possible implementation manners, the Pair head is realized by using
two layers of fully connected layers, i.e., the two layers of fully connected layers are
connected in series. The input first interaction feature and the second interaction feature
are subjected to two consecutive fully connected layer processes, and then a correlation
result between the first interaction feature and the second interaction feature is predicted

through an activation function.

[ 0063] In the embodiments of the present application, first, a face feature set and a
hand feature set are determined for an acquired image to be detected by performing face
and hand detection on the image to be detected. Then, for any target face of the faces,
a first interaction feature that can represent the hand features around the target face can
be obtained by fusing the hand feature set of the hand in the image. Meanwhile, the
second interaction feature that can represent the face features around the target hand is
obtained by fusing the face feature set of the faces in the image. Finally, the correlation
degree of the target face and the target hand can be predicted more accurately through the
first interaction feature and the second interaction feature that represent information

features around a body.

[ 0064] In some embodiments, in order to improve the accuracy of performing feature
extraction on the face and the hand in the image to be detected, the detection boxes of the
face and the hand in the image to be detected are predicted by using the RCNN network,
so as to obtain the face features and the hand features. That is, the above-mentioned S102

may be implemented by the following steps.
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[ 0065] At S121, a face detection box of each face and a hand detection box of each
hand in the picture of the image to be detected are determined on the basis of a result

obtained by performing the face and hand detection on the image to be detected.

[ 0066] In some embodiments, first, an image feature of the image to be detected is
extracted by using a backbone network, so as to generate an image feature map. Then, the
image feature map is input into the FPN, so that a plurality of image features with
different resolutions can be obtained. Finally, the plurality of image features with
different resolutions are into the RCNN to perform face and hand detection, so as to

detect a face detection box of each face and a hand detection box of each hand.

[ 0067] At S122, a feature of each face is extracted based on the face detection box of

each face to obtain the face feature set.

[ 0068] In some embodiments, feature extraction is performed on an image region
marked by the face detection box, so as to obtain face features. Thus, feature extraction is
performed on an image region where the face detection box of each face is located, so as

to obtain a face feature set.

[ 0069] At S123, a feature of each hand is extracted based on the hand detection box of

each hand to obtain the hand feature set.

[ 0070] In some embodiments, feature extraction is performed on an image region
marked by the hand detection box, so as to obtain hand features. Thus, feature extraction
is performed on an image region where the hand detection box of each hand is located, so
as to obtain a hand feature set. Thus, the image features with different resolutions output
by the FPN are taken as an input of the RCNN, so as to predict detection boxes of the
face and the hand in the image to be detected, thereby improving the accuracy of target

detection on the face and the hand in the image to be detected.

[ 0071] In some embodiments, a first undirected graph is constructed according to a
face detection box and a hand detection box detected by the RCNN, so that more features
of other body parts in the image can be fused for the face features of the target face by
using the GAT. That is, the above-mentioned S103 may be implemented through the

steps shown in FIG. 2. FIG. 2 is another implementation flowchart of a face-hand
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correlation degree detection method according to an embodiment of the present

application. The following description will be made with reference to FIG. 1 and FIG. 2.

[ 0072] At S201, a first undirected graph is constructed on the basis of the target face

and each hand in the picture.

[ 0073] In some embodiments, the first undirected graph includes a first node
corresponding to the target face, a second node in one-to-one correspondence with each
hand, a first side in one-to-one correspondence with the second node. Each first side is
configured to connect the first node and one of second nodes. A face detection box of the
target face is taken as a center, i.e., a first node, a hand detection box of each hand is
taken as a second node, the first node is connected to the second node of each hand to
form a plurality of first side, so as to obtain the first undirected graph. In some possible
implementation manners, a target face and each hand are taken as a node, i.e., how many
hands are included in the image to be detected, how many second nodes of the hand are
set. If the image to be detected further includes other body parts, then the other body part
is also taken as a node. Thus, a first undirected graph is constructed by taking the first
node of the target face as a center and respectively connecting the second node of each
hand and the nodes of other body parts. Thus, one of the two ends of each first side in the
undirected graph is a first node of the target face, and the other end is a first node of a
hand or a node of the other body parts. Therefore, the hand features and the features of
various body parts in the image to be detected can be considered more fully for the target

face in the constructed first undirected graph.

[ 0074] At S202, a first correlation degree between the hand feature of the hand
corresponding to the second node connected to each first side and the face feature of the

target face in the first undirected graph.

[ 0075] In some embodiments, the first undirected graph is input into a trained GAT.
For each first side in the first undirected graph, the confidence degree that the target face
and the hand at the two ends of the first side is predicted through a fully connected layer
of the GAT and an activation function. The confidence degree is normalized through a

normalization function in the GAT, so as to obtain a first correlation degree.

15



[ 0076] In some possible implementation manners, the correlation degree between two
nodes on any first side in the first undirected graph is predicted by using the GAT, i.e.,
the above-mentioned S202 may be implemented by S221 and S222 (not shown in the

drawings) as follows.

[ 0077] At S221, a first confidence degree that a hand corresponding to a second node
connected to each first side and the target face belong to the same body is determined on
the basis of the hand feature of the hand corresponding to the second node connected to

each first side and the face feature of the target face.

[ 0078] In some embodiments, for each first side, the hand features and the face
features of the target face at the two ends of the side are input into a fully connected layer
and a preset activation function of the GAT for processing, so as to determine the first
confidence degree that the hand and the target face on the first side belong to the same
body. In some possible implementation manners, the preset activation function may be a
leaky activation function. The features output by the fully connected layer are input into
the leaky activation function. First, feature transformation is performed on the hand
features of the hand corresponding to the second node connected to each first side and the
face features of the target face by using the fully connected layer, for example, multi-
dimensional face features and hand features are transformed into one-dimensional
features. Then, the transformed face features and hand features are input into the leaky
activation function to predict the first confidence degree that the hand corresponding to
the second node and the target face belong to the same body. For example, whether the
hand features and the face features of the target face belong to the same body is classified
by using the fully connected layer and the preset activation function, so as to obtain the
confidence degree that the hand features and the face features of the target face belong to
the same body. For example, taking the dimensions of both the face features and the hand
feature are 3136, for each first side, the input is the face features and the hand features,
1.e., the input feature dimension is 2*3136. Convolution computation is performed on
2*3136 face features and hand features by using the fully connected layer, so as to output
the features with the dimension of 1*3136. The 1*3136 features are input into the preset
activation function to predict the first confidence degree that the hand on the first side

and the target face belong to the same body.
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[ 0079] At S222, the first confidence degree that the hand corresponding to the second
node connected to each first side in the first undirected graph and the target face belong
to the same body is normalized to obtain a first correlation degree between the hand
feature of the hand corresponding to the second node connected to each first side and the

face feature of the target face.

[ 0080] In some possible implementation manners, the first confidence degree may be
mapped between (0, 1) by using a normalization function (for example, softmax), so as to
realize normalization of the first confidence degree, and obtain a first correlation degree
of each first side. For example, there are 5 hands and 6 other body parts in the image to
be detected, then in the constructed first undirected graph, a first node representing a
target face is taken as a center to respectively connect second nodes of 5 hands and nodes
of 6 other body parts to obtain 11 first sides, i.e., the 11 first sides are respectively
connected to the second nodes corresponding to the 5 hands and the nodes corresponding
to 6 other body parts, and a first correlation degree is determined for each first side in the

11 first sides.

[ 0081] At S203, the first interaction feature is determined on the basis of the face
feature of the target face, the hand feature of each hand in the picture, and the

corresponding first correlation degree.

[ 0082] In some embodiments, on each first side, first, the first correlation degree
corresponding to the first side is multiplied by the hand features of a node corresponding
to an end point (or other body parts). Then, element-by-element summation is performed
on multiplication results of a plurality of first sides. Finally, the summed result and the
face features are summed again, and a summed average value is taken as a first
interaction feature, so that the information around the target face in the image (for
examples, hands or other body parts around the target face) can be effectively represented
in the first interaction feature. Thus, a plurality of hand features around the target face in
the image to be detected are all fused into the face features, so that the first interaction
feature can represent the image information around the target face in the image, which is

beneficial to improving the accuracy of correlating the target face and the hand.

[ 0083] In some possible implementation manners, hand features of each hand and face
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features of a target face in a first undirected graph are fused to obtain a first interaction
feature. That is, the above-mentioned S203 may be implemented by S231 and S232 (not

shown in the drawings) as follows.

[ 0084] At S231, the hand feature of each hand is adjusted on the basis of the first

correlation degree corresponding to each hand to obtain an adjusted feature of each hand.

[ 0085] Here, element-by-element multiplication is performed on the first correlation
degree of the first side and the hand features (or other body parts) of an end point, so as
to obtain adjusted features of the hand. Thus, adjusted features of the hand on the first
side can be obtained for each first side in the first undirected graph. For example, in a
case where the image to be detected further includes other body parts, the adjusted
features of other body parts connected to a certain first side in the first undirected graph

can also be obtained.

[ 0086] At S232, the adjusted feature of each of the hands in the picture and the face

feature of the target face are fused to obtain the first interaction feature.

[ 0087] Here, in a case where the image to be detected further includes body parts
other than face and hand, the adjusted features of each hand in the picture and the
adjusted features of the other body parts are fused into the face features of the target face,
so as to obtain the first interaction feature. For example, first, element-by-element
summation is performed on the adjusted features of each hand in the picture, and the
element-by-element summation is performed on the adjusted features of other body parts.
Then, the element-by-element summation is performed on the two summation results and
the face features of the target face, and an average value is solved to obtain a first
interaction feature. Thus, weighting among nodes of various parts of a body is performed
on the features of the face and the hand by using the GAT, so that the features of the face
and the hand represent the information around the body more effectively, thereby
optimizing the accuracy of the correlation degree between the target face and the target

hand.

[ 0088] In some embodiments, a second undirected graph is constructed according to a

face detection box and a hand detection box detected by the RCNN, so that more features
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of other identity parts in the image may be fused for the hand features of the target hand
by using the GAT. That is, the above-mentioned S104 may be implemented by S141 to

S143 (not shown in the drawings) as follows.

[ 0089] At S141, a second undirected graph is constructed on the basis of the target

face and each face in the picture.

[ 0090] In some possible embodiments, face detection boxes of each face in an image
are connected to obtain the second undirected graph by taking a hand detection box of a
target hand as a center. The second undirected graph includes a third node corresponding
to the target hand, a fourth node in one-to-one correspondence with each face, a second
side in one-to-one correspondence with the fourth node. Each of the second sides is
configured to connect the third node and one of fourth nodes. The method for
constructing the second undirected graph is similar to that for constructing the first
undirected graph. That is, the second undirected graph is constructed in a method similar
to S201. For example, a hand and a face in an image to be detected are detected by an
RCNN to obtain a hand detection box and a face detection box. Both the hand and the
face in the image are set as nodes. If the image to be detected further includes other body
parts, the other body parts are also set as nodes. A third node for representing the hand
detection box of the target hand is taken as a center, and the face detection box of each
face is taken as a fourth node, the third node is connected to each of the fourth nodes, so

as to form a plurality of sides, i.e., second sides, and obtain the second undirected graph.

[ 0091] At S142, a second correlation degree between a face feature of the face
corresponding to the fourth node connected to each second side and the hand feature of
the target hand in the second undirected graph in the second undirected graph is

determined.

[ 0092] In some embodiments, the second undirected graph is input into a trained GAT.
For each second side in the second undirected graph, the confidence degree that a target
hand and a hand at the two ends of the second side belong to the same body is predicted
through a fully connected layer of the GAT and a leaky activation function (if the image
to be detected further includes other body parts, the confidence degree that the target
hand and the other body parts belong to the same body is determined). The confidence
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degree is normalized through a normalization function in the GAT, so as to obtain a
second correlation degree that the target hand on each second side and the face or the

other body parts belong to the same body.

[ 0093] In some possible implementation manners, the correlation degree between two
nodes on any second side in the second undirected graph is predicted by using the GAT,

i.e., the above-mentioned S142 may be implemented by the following steps.

[ 0094] In a first step, a second confidence degree that a face corresponding to a fourth
node connected to each second side and a target hand belong to the same body is
determined on the basis of face features of the face corresponding to the fourth node

connected to each second side and hand features of the target hand.

[ 0095] In some possible embodiments, for each second side, the face features and the
hand features of the target hand corresponding to nodes at two ends of the second side are
input into a fully connected layer and a preset activation function of the GAT for
processing, so as to determine the second confidence degree that the hand and the face on
the first side belong to the same body. In some possible implementation manners, first,
feature transformation is performed on face features of a face corresponding to a fourth
node connected to each second side and the hand features of the target hand by using the
fully connected layer. Then, the transformed face features and hand features are input
into a leaky activation function to predict a second confidence degree that the face

corresponding to the fourth node and the target hand belong to the same body.

[ 0096] In a second step, the second confidence degree that a face corresponding to a
fourth node connected to each second side and the target hand in the second undirected
graph belong to the same body is normalized, so as to obtain a second correlation degree
between the face features of the face corresponding to the fourth node connected to each

second side and the hand features of the target hand.

[ 0097] In some possible implementation manners, the second confidence degree may
be mapped between (0, 1) by using a normalization function (for example, softmax), so
as to realize the normalization of the second confidence degree, and obtain a second

correlation degree of each second side. For example, there are 2 faces and 4 other body
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parts in the image to be detected, then in the constructed second undirected graph, a third
node representing a target hand is taken as a center to respectively connect fourth nodes
of 2 faces and 4 nodes of the other body parts to obtain 6 second sides, and a second

correlation degree is determined for each second side in the 6 second sides.

[ 0098] At S143, a second interaction feature is determined on the basis of the hand
feature of the target hand, the face feature of each face in the picture, and the

corresponding second correlation degree.

[ 0099] In some embodiments, on each second side of the second undirected graph,
first, the second correlation degree corresponding to the second side is multiplied by the
face features (or other body parts) of a node corresponding to an end point of a second
side. Then, element-by-element summation is performed on multiplication results of a
plurality of second sides. Finally, the summed result and the hand features are summed
again, and a summed average value is taken as a second interaction feature, so that the
information around the target hand in the image (for examples, faces or other body parts
around the target hand) can be effectively represented in the second interaction feature.
Thus, a plurality of face features around the target hand in the image to be detected are all
fused into the hand features, so that the second interaction feature can represent the
image information around the target face in the image, which is beneficial to improving

the accuracy of correlating the target face and the hand.

[ 00100] In some possible implementation manners, the face feature of each face and the
hand feature of a target hand in a second undirected graph are fused to obtain a second
interaction feature, i.e., the above-mentioned S143 may be implemented by the following

steps.

[ 00101] In a first step, the face features of each face are adjusted on the basis of the
second correlation degree corresponding to each face, so as to obtain adjusted features of

each face.

[ 00102] In some possible implementation manners, element-by-element multiplication
is performed on the second correlation degree corresponding to the second side and the

face features (or other body parts) of an end point, so as to obtain adjusted features of the
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face. Thus, adjusted features of the face on the second side can be obtained for each
second side in the second undirected graph. In a case where the image to be detected
further includes other body parts, the adjusted features of other body parts connected to a

certain second side in the second undirected graph can also be obtained.

[ 00103] In a second step, the adjusted features of each of the faces in the picture and

the hand features of the target hand are fused to obtain the second interaction feature.

[ 00104] In some possible implementation manners, in a case where the image to be
detected further includes other body parts, the adjusted features of each face in the
picture and the adjusted features of the other body parts are fused into the hand features
of the target hand, so as to obtain the second interaction feature. For example, first,
element-by-element summation is performed on the adjusted features of each face in the
picture, and the element-by-element summation is performed on the adjusted features of
other body parts. Then, the element-by-element summation is performed on the two
summation results and the hand features of the target hand, and an average value is
solved to obtain a second interaction feature. Thus, weighting among nodes of various
parts of a body is performed on the features of the face and the hand by using the GAT, so
that the features of the face and the hand represent the information around the body more
effectively, thereby optimizing the accuracy of the correlation degree between the target

face and the target hand.

[ 00105] In the embodiments of the present application, for each hand of a plurality of
hands, weighted fusion is performed on the hand features of the target hand, the face
features of in the image, and the features of other body parts by using the GAT, so that
the obtained second interaction feature can effectively represent surrounding information

of the target hand.

[ 00106] In some embodiments, the correlation degree between the target face and the
target hand is predicted by using a Pair head consisting of two fully connected layers.
L.e., the above-mentioned S105 may be implemented through S151 and S152 (not shown

in the drawings) as follows.

[ 00107] At S151, a third confidence degree that the target face and the target hand

22



belong to the same body is determined on the basis of the first interaction feature and the

second interaction feature.

[ 00108] In some embodiments, first, the third confidence degree that the first
interaction feature and the second interaction feature belong to the same body is
determined by using two fully connected layers in series and a corresponding activation
function. The first interaction feature and the second interaction feature output by the
GAT are input into the Pair head. The Pair head consists of a first fully connected layer
and a second fully connected layer that are connected in series. A body to which the first
interaction feature and the second interaction feature belong is subjected to operations,
such as dimension reduction and connection, by using the first fully connected layer. An
output feature of the first fully connected layer is taken as the input of an activation
function corresponding to the layer, and a first classification result of the output feature
of the first fully connected layer is determined by using the activation function. The first
classification result includes the probability that a target face corresponding to the first
interaction feature belongs to each body in the image, and the probability that a target
hand corresponding to the second interaction feature belongs to each body in the image.
Then, the first classification result is input into the second fully connected layer. The first
classification result is subjected to the operations, such as dimension reduction and
connection, by using the second fully connected layer, so as to obtain an output result of
the second fully connected layer. The output result is input into an activation function
corresponding to the second fully connected layer, and the feature output by the second
fully connected layer is converted into a third confidence coefficient corresponding to

each category by using the activation function.

[ 00109] At S152, the third confidence degree is determined as the correlation degree
between the target face and the target hand.

[ 00110] In some embodiments, the confidence degree that the first interaction feature
and the second interaction feature output by the second fully connected layer of the two
fully connected layers connected in series belong to the same body is taken as the
confidence degree that the target face and the target hand belong to the same body, so that

the correlation degree between the target face and the target hand is determined.
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[ 00111] In the embodiments of the present application, the prediction accuracy of a
correlation result between the target face and the target hand in the image to be detected
can be improved by predicting whether the target face and the target hand belong to the

same body by using two fully connected layers in series.

[ 00112] In some embodiments, in a case where the image to be detected further
includes body parts other than face and hand, features of other body parts are fused in
both of the first interaction feature and the second interaction feature. The first interaction

feature and the second interaction feature may be determined by the following steps.

[ 00113] In a first step, a body feature set of other body parts of an image to be detected
is determined on the basis of a result obtained by performing other body part detection on

the image to be detected.

[ 00114] Here, each body feature in the body feature set corresponds to one other body
part in a picture of the image to be detected. In a case where the image to be detected
further includes other body parts, the hand, the face, and the other body parts in the
image to be detected are detected by using the RCNN, so that a hand detection box, a
face detection box, and another body part detection box are obtained, and then a hand
feature set, a face feature set, and a body feature set can be obtained by extracting

features in the detection boxes.

[ 00115] In a second step, a first interaction feature is determined on the basis of face

features of the target face, the body feature set, and the hand feature set.

[ 00116] Here, in a case where the image to be detected further includes other body
parts, for each face, the face is taken as a target face, a node corresponding to the target
face is taken as a center, each hand is connected to each of the nodes corresponding to
other body parts, so as to construct a first undirected graph. The first undirected graph is
input into a GAT, and body features and hand features of each hand are fused into face

features of the target face, so as to obtain a first interaction feature.

[ 00117] The above-mentioned step one and step two provide a process for obtaining the
first interaction feature of the target face. The features of the other body parts and the

hand features of the hand in the images to be detected are fused into the face features of
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the target face, so that the first interaction feature can characterize the body features

around the target face.

[ 00118] In a third step, a second interaction feature is determined on the basis of the

hand feature of the target hand, the body feature set, and the face feature set.

[ 00119] Here, in a case where the image to be detected further includes other body
parts, for each hand, the hand is taken as a target hand, a node corresponding to the target
hand is taken as a center, each face is connected to each of the nodes corresponding to
other body parts, so as to construct a second undirected graph. The second undirected
graph is input into a GAT, and body features and face features of each face are fused into

hand features of the target hand, so as to obtain a second interaction feature.

[ 00120] The above-mentioned step three and step two are performed at the same time.
The features of the other body parts and the face features of the face in the image to be
detected are fused into the hand features of the target hand, so that the second interaction
feature can represent the body features around the target hand in the image to be detected,

which is beneficial to improving the accuracy of correlating the target face and the target

hand.

[ 00121] An exemplary application of the embodiments of the present application in an
actual application scenario will be described below. Taking a game place as an example,
descriptions will be made with correlation of a body and hand of a player in the game

place as an example.

[ 00122] A body and hand correlation algorithm has a relatively high application value
in a scenario, such as the game place. In a complex scene such as the game place, the
number of bodies in a field of view is relatively large, and conditions that arms are
staggered are usually complex, so it is difficult to obtain a good prediction result using

the body and hand correlation algorithm or a key point detection algorithm.

[ 00123] In the related art, first, detection boxes of the hand and the body are acquired
by using a Faster RCNN framework. Then, some pairs of hands and bodies are selected
randomly, and are spliced by using corresponding visual features. Finally, a classifier is

trained on the basis that whether the corresponding pair of body and hand belongs to the
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same person. In this way, regional visual features of faces and hands are used in a
correlation prediction network. Under this condition, the features are not closely related
to the surrounding of the picture, while in correlation matching, image information

between the faces and the hands are often needed.

[ 00124] On the basis, the embodiments of the present application adopt the face-hand
correlation based on GAT feature weighting. In the correlation prediction, a graph may be
constructed for the whole body. Each body part represents one node. Weighting between
nodes is performed on the features of the face and the hand by utilizing the GAT, so that
the features of the face and the hand represent the information of surrounding bodies
more effectively, thereby optimizing the prediction accuracy of correlation. This may be

implemented through the following process.
[ 00125] In a first step, face and hand detection is performed on an image.

[ 00126] Face, hand, and body part detection is performed first on the basis of a Faster-
RCNN detection framework, so as to obtain detection box coordinate information
corresponding to the face, the hand, and the various parts of a body, and regional visual
features of various parts of the body are extracted. A network model for predicting
whether a face and a hand in an image is as shown in FIG. 3. FIG. 3 is a schematic
diagram of a training framework of a network model for face and hand correlation of an
embodiment of the present application. It can be seen from FIG. 3 that a training process

of the network model includes the following operations.

[ 00127] First, an image 301 is input into a backbone network 302 for extracting

features to obtain image features.

[ 00128] Second, the image features are input into an FPN 303 for processing the image
features, so as to obtain the image features including a plurality of image features

including different resolutions.

[ 00129] In some possible implementations, firstly, feature extraction is performed on an
image from bottom to top by using the FPN. Secondly, up-sampling is performed on an
extracted high-level feature map from top to bottom. Thirdly, an up-sampled result is

fused with a feature graph with the same size generated from bottom to top through
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transverse connection, and also, a low-resolution feature map is subjected to twice up-
sampling (or, nearest neighbor up-sampling). Finally, up-sampling map and
corresponding bottom-up map are merged by adding by element. This process is iterative

until a final resolution map is generated, i.e., the image features are obtained.

[ 00130] In other embodiments, feature extraction may also be performed on a plurality
of images by acquiring a plurality of images at different resolutions of an image to be
processed, so as to obtain an image feature set including a plurality of image features
with different resolutions. For example, the image is converted into a plurality of images
at different resolutions. The number of the different resolutions may be set to match the
number of layers of the FPN, i.e., if there are 4 layers of the FPN, then 5 different
resolutions from large to small may be set. In one specific example, the image to be
processed may be scaled by using a fixed scaling, so as to obtain a plurality of image

features with different resolutions.

[ 00131] Then, a plurality of image features at different resolutions output from the FPN
303 are input into a Region Proposal Network (RPN) 304, so as to obtain a region

candidate box that represents that a hand or a face may exist.

[ 00132] Then, a plurality of image features at different resolutions and the region
candidate box are input into an RCNN 305 to perform target detection, so as to detect
whether a region candidate includes a face or a hand to obtain detection boxes of the face

and the hand.

[ 00133] Finally, the detection boxes of the face and the hand are input into a GAT 306,

and then step two is executed.

[ 00134] In a second step, interactive computation is performed on the features by using
the GAT.
[ 00135] In some embodiments, firstly, graphs, undirected graphs of the parts that need

to be correlated in body parts, are constructed for various parts of a body in an image,
and each part is taken as a node. Secondly, the weight between every two nodes is
predicted by using a fully connected layer and a Leaky activation function. Thirdly, all

sides in the graph are normalized, weights are calculated and normalized by using a
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softmax function. Finally, each node is weighted by utilizing the weights to represent the
features of the current node. An implementation process of the GAT 306 is as shown in
FIG. 4. FIG. 4 is a schematic diagram of an implementation framework of a GAT

provided by an embodiment of the present application.

[ 00136] First, a face feature 401 with a feature dimension 3136 is input into a GAT 402
to obtain a first interaction feature 403 with the dimension of 3136. The first interaction
feature 403 represents the correlation degree between one face and other hands.
Meanwhile, a hand feature 411 with a feature dimension 3136 is input into the GAT 412
to obtain a second interaction feature 413 with the dimension of 3136. The second
interaction feature 413 represents the correlation degree between one hand and other

faces.

[ 00137] In some embodiments, a process for processing the input face feature 401 by
the GAT 402 is as shown in block 404. An undirected graph 405 represents the
connection between one face feature and three hand features. Firstly, a hand feature and a
face feature connected to each side are input into the fully connected layer and the Leaky
activation function to predict the weight between the hand feature and the face feature on
the side, so as to obtain the weights of three sides as S1, S2, and S3 respectively. Then,
S1, S2, and S3 are normalized to correspondingly obtain el, €2, and e3. Finally, element-
by-element multiplication is performed on ei (i=1, 2, 3) and the features on the
corresponding sides to obtain a first interactive feature. For example, first, element-by-
element multiplication 1s performed on el and the hand features connected to
corresponding sides, element-by-element multiplication is performed on e2 and the hand
features connected to corresponding sides, and element-by-element multiplication is
performed on e3 and the hand features connected to corresponding sides. Then, the
summation result is summed with a face feature and the summation result is divided by 2,
to obtain a first interaction feature. The first interaction feature can effectively represent

surrounding features of the face feature.

[ 00138] Then, the first interaction feature and the second interaction feature are input
into a Pair head 420, so as to obtain a correlation result 421 representing that whether a

face and a hand belong to the same body, and then step three is executed.
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[ 00139] In a third step, features passing through a GAT model are sent into the Pair

head 420 to predict to obtain a correlation result 421.

[ 00140] In a specific example, the image to be detected is an image collected in a game
place. The face is a body of the player, and the hand is a hand of the player. Through the
above-mentioned step one and step three, firstly, faces and hands in an image to be
detected are detected, face features of the face of each player are determined to obtain a
face feature set, and hand features of the hand of each player are determined to obtain a
hand feature set. Secondly, a first undirected graph taking a target face as a center and a
second undirected graph taking a target hand as a center are respectively constructed on
the basis of a detection box of the detected hand and a detection box of the detected face.
Thirdly, the first undirected graph and the second undirected graph are respectively input
into the GAT, the hand features of each hand and features of other body parts are
respectively fused into the face features of the target face, and the face features of each
face and features of other body parts are respectively fused into the hand features of the
target hand. Thus, the obtained first interaction feature and second interaction feature can
effectively represent the information of other identity parts in the image. Finally, the first
interaction feature and the second interaction feature are input into the Pair head to
predict whether the target face and the target hand belong to the same body. Thus, the
player hand and face in the complex game place may be matched to monitor game
currency placement or payment of the player or other processes in a game process more

effectively.

[ 00141] In the embodiments of the present application, when the information feature of
the image is used, interaction between face and hand region features and surrounding
features is increased, so that the face and hand features effectively express the
surrounding features. Thus, when face and hand regional visual features are used,
weighting among nodes of various parts of a body is performed on the features of the
face and the hand by using the GAT, so that the features of the face and the hand
represent the information around the body more effectively, thereby optimizing the

prediction accuracy of correlation.

[ 00142] The embodiments of the present application provide a face-hand correlation
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degree detection apparatus. FIG. 5 is a schematic diagram of composition structures of a
face-hand correlation degree detection apparatus according to an embodiment of the
present application. As shown in FIG. 5, an face-hand correlation degree detection
apparatus 500 includes: a first acquisition module 501, a first determination module 502,
a second determination module 503, a third determination module 504, and a fourth

determination module 505.

[ 00143] The first acquisition module 501 is configured to acquire an image to be
detected.
[ 00144] The first determination module 502 is configured to determine a face feature

set and a hand feature set of the image to be detected on the basis of a result obtained by
performing face and hand detection on the image to be detected. Each face feature in the
face feature set corresponds to one face in a picture of the image to be detected. Each
hand feature in the hand feature set corresponds to one hand in the picture of the image to

be detected.

[ 00145] The second determination module 503 is configured to determine a first
interaction feature of a target face on the basis of a face feature of the target face and the

hand feature set. The target face is any face in the picture of the image to be detected.

[ 00146] The third determination module 504 is configured to determine a second
interaction feature of a target hand on the basis of a hand feature of the target hand and

the face feature set. The target hand is any hand in the picture of the image to be detected.

[ 00147] The fourth determination module 505 is configured to determine a correlation
between the target face and the target hand on the basis of the first interaction feature and

the second interaction feature.

[ 00148] In some embodiments, the first determination module 502 includes a first
determination submodule, a first extraction submodule, and a second extraction

submodule.

[ 00149] The first determination submodule is configured to determine a face detection

box of each face and a hand detection box of each hand in the picture of the image to be
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detected on the basis of the result obtained by performing face and hand detection on the

image to be detected.

[ 00150] The first extraction submodule is configured to extract a feature of each face

based on the face detection box of each face to obtain the face feature set.

[ 00151] The second extraction submodule is configured to extract a feature of each

hand based on the hand detection box of each hand to obtain the hand feature set.

[ 00152] In some embodiments, the second determination module 503 includes a first
construction submodule, a second determination submodule, and a third determination

submodule.

[ 00153] The first construction submodule is configured to construct a first undirected
graph on the basis of the target face and the each hand in the picture, the first undirected
graph including a first node corresponding to the target face, a second node in one-to-one
correspondence with each hand, and a first side in one-to-one correspondence with the
second node, each first side being configured to connect the first node and one of the

second nodes.

[ 00154] The second determination submodule is configured to a first correlation degree
between a hand feature of the hand corresponding to the second node connected to each

first side and the face feature of the target face in the first undirected graph.

[ 00155] The third determination submodule is configured to determine the first
interaction feature on the basis of the face feature of the target face, the hand feature of

each hand in the picture, and the corresponding first correlation degree.

[ 00156] In some embodiments, the second determination submodule includes a first

determination unit and a first normalization unit.

[ 00157] The first determination unit is configured to determine a first confidence
degree that the hand corresponding to the second node connected to each first side and
the target face belong to the same body on the basis of the hand feature of the hand

corresponding to the second node connected to each first side and the face feature of the
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target face.

[ 00158] The first normalization unit is configured to normalize the first confidence
degree that the hand corresponding to the second node connected to each first side and
the target face in the first undirected graph belong to the same body, to obtain the first
correlation degree between the hand feature of the hand corresponding to the second

node connected to each first side and the face feature of the target face.

[ 00159] In some embodiments, the third determination submodule includes a first

adjustment unit and a first fusion unit.

[ 00160] The first adjustment unit is configured to adjust the hand feature of each hand
on the basis of the first correlation degree corresponding to each hand, to obtain an

adjusted feature of each hand.

[ 00161] The first fusion unit is configured to fuse the adjusted feature of each hand in

the picture and the face feature of the target face to obtain the first interaction feature.

[ 00162] In some embodiments, the third determination module 504 includes a second
construction submodule, a fourth determination submodule, and a fifth determination

submodule.

[ 00163] The second construction submodule is configured to construct a second
undirected graph on the basis of the target hand and each face in the picture, the second
undirected graph including a third node corresponding to the target hand, a fourth node in
one-to-one correspondence with each face, and a second side in one-to-one
correspondence with the fourth node, each second side being configured to connect the

third node and one of fourth nodes.

[ 00164] The fourth determination submodule is configured to determine a second
correlation degree between a face feature of the face corresponding to the fourth node
connected to each second side and the hand feature of the target hand in the second

undirected graph.

[ 00165] The fifth determination submodule is configured to determine the second
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interaction feature on the basis of the hand feature of the target hand, the face feature of

each face in the picture, and the corresponding second correlation degree.

[ 00166] In some embodiments, the fourth determination submodule includes a second

determination unit and a first normalization unit.

[ 00167] The second determination unit is configured to determine a second confidence
degree that the face corresponding to the fourth node connected to each second side and
the target hand belong to the same body on the basis of the face feature of the face
corresponding to the fourth node connected to each second side and the hand feature of

the target hand.

[ 00168] The first normalization unit is configured to normalize the second confidence
degree that the face corresponding to the fourth node connected to each second side and
the target hand in the second undirected graph belong to the same body, so as to obtain
the second correlation degree between the face feature of the face corresponding to the

fourth node connected to each second side and the hand feature of the target hand.

[ 00169] In some embodiments, the fifth determination submodule includes a second

adjustment unit and a second fusion unit.

[ 00170] The second adjustment unit is configured to adjust the face feature of the each
face on the basis of the second correlation degree corresponding to the each face, to

obtain an adjusted feature of each face.

[ 00171] The second fusion unit is configured to fuse the adjusted feature of each face in
the picture and the hand feature of the target hand to obtain the second interaction

feature.

[ 00172] In some embodiments, the fourth determination module 505 includes a sixth

determination submodule and a seventh determination submodule.

[ 00173] The sixth determination submodule is configured to determine a third
confidence degree that a target face and a target hand belong to the same body on the

basis of the first interaction feature and the second interaction feature.
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[ 00174] The seventh determination submodule is configured to determine the third

confidence degree as the correlation degree between the target face and the target hand.

[ 00175] In some embodiments, in a case where the image to be detected further
includes other body parts, the apparatus may further include a fifth determination

module.

[ 00176] The fifth determination module is configured to determine a body feature set of
other body parts of the image to be detected on the basis of the result obtained by
performing detection of the other body parts on the image to be detected. Each body
feature in the body feature set corresponds to one other body part in the picture of the

image to be detected, the other body parts are body parts other than face and hand.

[ 00177] The second determination module is further configured to determine the first
interaction feature on the basis of a face feature of the target face, the body feature set,

and the hand feature set.

[ 00178] The third determination module is further configured to perform the following
operation.
[ 00179] The second interaction feature is determined on the basis of the hand feature of

the target hand, the body feature set, and the face feature set.

[ 00180] It is to be noted that the above descriptions about the apparatus embodiments
are similar to descriptions about the method embodiments and beneficial effects similar
to those of the method embodiments are achieved. Technical details undisclosed in the
apparatus embodiments of the present application may be understood with reference to

the descriptions about the method embodiments of the present application.

[ 00181] It is to be noted that, in the embodiments of the present application, when
implemented in form of a software functional module and sold or used as an independent
product, the above-mentioned face-hand correlation degree detection method may also be
stored in a computer readable storage medium. Based on such an understanding, the
technical solutions of the embodiments of the present application substantially or parts

making contributions to the related art may be embodied in a form of a software product.
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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 terminal, a server,
etc.) to execute all or part of the method in each embodiment of the present application.
The above-mentioned storage medium includes: various media capable of storing
program codes, such as a USB flash drive, a mobile hard disc, a Read-Only Memory
(ROM), a magnetic disc, or a compact disc. Therefore, the embodiments of the present

application are not limited to any specific hardware and software combination.

[ 00182] The embodiments of the present application further provide a computer
program product. The computer program product includes a computer executable
instruction. The computer executable instruction can implement the face-hand correlation
degree detection method provided by the embodiments of the present application after

being executed.

[ 00183] The embodiments of the present application further provide a computer storage
medium. The computer storage medium stores a computer executable instruction. The
computer executable instruction can implement the face-hand correlation degree
detection method provided by the embodiments when the executable instruction is

executed by a processor.

[ 00184] The embodiments of the present application provide a computer device. FIG. 6
is a schematic diagram of composition structures of the computer device according to the
embodiments of the present application. As shown in FIG. 6, the computer device 600
includes a processor 601, at least one communication bus, a communication interface
602, at least one external communication interface, and a memory 603. The
communication interface 602 is configured to implement connection communication
among these components. The communication interface 602 may include a display
screen. The external communication interface may include a standard wired interface and
a standard wireless interface. The processor 601 is configured to execute an image
processing program in the memory, so as to implement the face-hand correlation degree

detection method provided by the above-mentioned embodiments.

[ 00185] The above descriptions about the face-hand correlation degree detection

apparatus, the computer device, and the storage medium of the present application are
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similar to descriptions about the method embodiments, technical descriptions and
beneficial effects similar to those of the method embodiments are achieved. Due to the
limitation of space, the above-mentioned method embodiments may be recorded, so it is
not described in detail herein. Technical details undisclosed in the embodiments of the
face-hand correlation degree detection apparatus, the computer device, and the storage
medium of the present application may be understood with reference to the descriptions

about the method embodiments of the present application.

[ 00186] It should be understood that "one embodiment" or "an embodiment" mentioned
throughout the specification means that specified features, structures, or characteristics
related to the embodiment are included in at least one embodiment of this application.
Therefore, "in one embodiment" or "in an embodiment" appearing throughout the
specification does not necessarily refer to a same embodiment. In addition, these
specified features, structures, or characteristics may be combined in one or more
embodiments in any appropriate manner. It should be understood that, in the
embodiments of this application, sequence numbers of the foregoing processes do not
mean execution sequences. The execution sequences of the processes should be
determined according to functions and internal logic of the processes, and should not be
construed as any limitation on the implementation processes of the embodiments of the
present application. The sequence numbers of the embodiments of the above-mentioned
application are merely for the description, and do not represent the advantages and
disadvantages of the embodiments. It is to be noted that, herein, terms "include" and
"contain" or any other variants thereof are intended to cover nonexclusive inclusions, so
that, a process, a method, or an apparatus including a series of elements not only includes
those elements but also includes other elements which are not clearly listed or further
includes intrinsic elements of the process, the method or the apparatus. Under the
condition of no more limitations, an element defined by a statement "including a/an......
does not exclude existence of additional same elements in the process, the method, or the

apparatus.

[ 00187] In several embodiments provided by the present application, it is to be
understood that the disclosed device and method may be implemented in other manners.

The device embodiment described above is only schematic, and for example, division of
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the units is only logic function division, and other division manners may be adopted
during practical implementation. For example, a plurality of units or components may be
combined or integrated into another system, or some characteristics may be neglected or
not executed. In addition, coupling or direct coupling or communication connection
between each displayed or discussed component may be indirect coupling or
communication connection, implemented through some interfaces, of the device or the

units, and may be electrical and mechanical or adopt other forms.

[ 00188] The above-mentioned units described as separate parts may be or may not be
physically separate, and the parts shown as units may be or may not be physical
elements, which may be located in one place or distributed to a plurality of network
elements. Part or all of the units may be selected to achieve the objectives of the solutions

of the embodiments according to practical requirements.

[ 00189] In addition, each function unit in each embodiment of the present application
may be integrated into a processing unit, each unit may also serve as an independent unit
and two or more than two units may also be integrated into a unit. The integrated unit
may be implemented in a hardware form and may also be implemented in form of
hardware and software function unit. Those of ordinary skill in the art will appreciate
that: all or part of the steps of the above-mentioned method embodiments may be
completed through hardware associated with program instructions. The foregoing
program may be stored in a computer readable storage medium. The steps including the
above-mentioned method embodiments are executed when the program is executed. The
foregoing storage medium includes various media capable of storing program codes,
such as a mobile storage device, a Read Only Memory (ROM), a magnetic disc or a

compact disc.

[ 00190] Or, when implemented in form of software function module and sold or used
as an independent product, the integrated unit of the present application may also be
stored in a computer readable storage medium. Based on such understanding, the
technical solutions of the embodiments of the present application substantially or parts
making contributions to the related art may be embodied in a form of a software product.

The computer software product is stored in a storage medium, including a plurality of
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instructions configured to enable an electronic device (which may be a personal
computer, a server, a network device, or the like) to execute all or part of the method in
each embodiment of the present application. The foregoing storage medium includes:
various media capable of storing program codes, such as a mobile storage device, the
ROM, a magnetic disc, or a compact disc. The foregoing descriptions are merely specific
implementations of this application, but are not intended to limit the protection scope of
this application. Any variation or replacement readily figured out by a person skilled in
the art within the technical scope disclosed in this application shall fall within the
protection scope of this application. Therefore, the scope of protection of the present

application shall be subject to the scope of protection of the claims.
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CLAIMS

1. A face-hand correlation degree detection method, comprising:
acquiring an image to be detected;

determining a face feature set and a hand feature set of the image to be detected on the
basis of a result obtained by performing face and hand detection on the image to be detected,
wherein each face feature in the face feature set corresponds to one face in a picture of the
image to be detected, and each hand feature in the hand feature set corresponds to one hand in

the picture of the image to be detected;

determining a first interaction feature of a target face on the basis of a face feature of
the target face and the hand feature set, wherein the target face is any face in the picture of the

image to be detected,

determining a second interaction feature of a target hand on the basis of a hand feature
of the target hand and the face feature set, wherein the target hand is any hand in the picture of

the image to be detected; and

determining a correlation between the target face and the target hand on the basis of

the first interaction feature and the second interaction feature.

2. The method of claim 1, wherein the determining a face feature set and a hand feature set of
the image to be detected on the basis of the result obtained by performing face and hand

detection on the image to be detected comprises:

determining a face detection box of each face and a hand detection box of each hand
in the picture of the image to be detected on the basis of the result obtained by performing the

face and hand detection on the image to be detected;

extracting a feature of the each face based on the face detection box of the each face to

obtain the face feature set; and
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extracting a feature of the each hand based on the hand detection box of the each hand

to obtain the hand feature set.

3. The method of claim 1 or 2, wherein the determining a first interaction feature of a target

face on the basis of a face feature of the target face and the hand feature set comprises:

constructing a first undirected graph on the basis of the target face and the each hand
in the picture, wherein the first undirected graph includes a first node corresponding to the
target face, a second node in one-to-one correspondence with the each hand, and a first side in
one-to-one correspondence with the second node, each first side is configured to connect the

first node and one of second nodes;

determining a first correlation degree between a hand feature of the hand
corresponding to the second node connected to the each first side and the face feature of the

target face in the first undirected graph; and

determining the first interaction feature on the basis of the face feature of the target
face, the hand feature of the each hand in the picture, and the corresponding first correlation

degree.

4. The method of claim 3, wherein the determining the first correlation degree between a hand
feature of the hand corresponding to the second node connected to each first side and the face

feature of the target face in the first undirected graph comprises:

determining a first confidence degree that the hand corresponding to the second node
connected to the each first side and the target face belong to a same body on the basis of the
hand feature of the hand corresponding to the second node connected to the each first side and

the face feature of the target face; and

normalizing the first confidence degree that the hand corresponding to the second
node connected to the each first side and the target face in the first undirected graph belong to

the same body, to obtain the first correlation degree between the hand feature of the hand
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corresponding to the second node connected to the each first side and the face feature of the

target face.

5. The method of claim 3 or 4, wherein the determining the first interaction feature on the
basis of the face feature of the target face, the hand feature of each hand in the picture, and the

corresponding first correlation degree comprises:

adjusting the hand feature of the each hand on the basis of the first correlation degree

corresponding to the each hand, to obtain an adjusted feature of the each hand; and

fusing the adjusted feature of the each hand in the picture and the face feature of the

target face to obtain the first interaction feature.

6. The method of claim 1, wherein the determining a second interaction feature of a target

hand on the basis of a hand feature of the target hand and the face feature set comprises:

constructing a second undirected graph on the basis of the target hand and each face in
the picture, wherein the second undirected graph includes a third node corresponding to the
target hand, a fourth node in one-to-one correspondence with the each face, and a second side
in one-to-one correspondence with the fourth node, each second side is configured to connect

the third node and one of fourth nodes;

determining a second correlation degree between a face feature of the face
corresponding to the fourth node connected to the each second side and the hand feature of

the target hand in the second undirected graph; and

determining the second interaction feature on the basis of the hand feature of the target

hand, the face feature of the each face in the picture, and the corresponding second correlation

degree.

7. The method of claim 6, wherein the determining the second correlation degree between a
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face feature of the face corresponding to the fourth node connected to the each second side

and the hand feature of the target hand in the second undirected graph comprises:

determining a second confidence degree that the face corresponding to the fourth node
connected to the each second side and the target hand belong to a same body on the basis of
the face feature of the face corresponding to the fourth node connected to the each second side

and the hand feature of the target hand; and

normalizing the second confidence degree that the face corresponding to the fourth
node connected to the each second side and the target hand in the second undirected graph
belong to the same body, to obtain the second correlation degree between the face feature of
the face corresponding to the fourth node connected to the each second side and the hand

feature of the target hand.

8. The method of claim 6 or 7, wherein the determining the second interaction feature on the
basis of the hand feature of the target hand, the face feature of the each face in the picture, and

the corresponding second correlation degree comprises:

adjusting the face feature of the each face on the basis of the second correlation degree

corresponding to the each face, to obtain an adjusted feature of the each face; and

fusing the adjusted feature of the each face in the picture and the hand feature of the

target hand to obtain the second interaction feature.

9. The method of any one of claims 1 to 8, wherein the determining a correlation between the
target face and the target hand on the basis of the first interaction feature and the second

interaction feature comprises:

determining a third confidence degree that the target face and the target hand belong to

a same body on the basis of the first interaction feature and the second interaction feature; and

determining the third confidence degree as the correlation degree between the target
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face and the target hand.

10. The method of any one of claims 1 to 9, in a case where the image to be detected further

includes other body parts, further comprising:

determining a body feature set of other body parts of the image to be detected on the
basis of a result obtained by performing detection of the other body parts on the image to be
detected, wherein each body feature in the body feature set corresponds to one of the other
body parts in a picture of the image to be detected, the other body parts are body parts other

than face and hand;

wherein the determining a first interaction feature of the target face on the basis of a face

feature of the target face and the hand feature set comprises:

determining the first interaction feature on the basis of the face feature of the target

face, the body feature set, and the hand feature set;

wherein the determining a second interaction feature on the basis of a hand feature of the

target hand and the face feature set comprises:

determining the second interaction feature on the basis of the hand feature of the target

hand, the body feature set, and the face feature set.

11. A computer storage medium, storing a computer executable instruction, wherein the

computer executable instruction is executed to:
acquire an image to be detected;

determine a face feature set and a hand feature set of the image to be detected on the
basis of a result obtained by performing face and hand detection on the image to be detected,
wherein each face feature in the face feature set corresponds to one face in a picture of the
image to be detected, and each hand feature in the hand feature set corresponds to one hand in

the picture of the image to be detected;
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determine a first interaction feature of a target face on the basis of a face feature of the
target face and the hand feature set, wherein the target face is any face in the picture of the

image to be detected;

determine a second interaction feature of a target hand on the basis of a hand feature
of the target hand and the face feature set, wherein the target hand is any hand in the picture of

the image to be detected; and

determine a correlation between the target face and the target hand on the basis of the

first interaction feature and the second interaction feature.

12. A computer device, comprising a memory and a processor, wherein the memory stores a
computer executable instruction, and wherein when executing the computer executable

instruction on the memory, the processor is configured to:
acquire an image to be detected;

determine a face feature set and a hand feature set of the image to be detected on the
basis of a result obtained by performing face and hand detection on the image to be detected,
wherein each face feature in the face feature set corresponds to one face in a picture of the
image to be detected, and each hand feature in the hand feature set corresponds to one hand in

the picture of the image to be detected;

determine a first interaction feature of a target face on the basis of a face feature of the
target face and the hand feature set, wherein the target face is any face in the picture of the

image to be detected;

determine a second interaction feature of a target hand on the basis of a hand feature
of the target hand and the face feature set, wherein the target hand is any hand in the picture of

the image to be detected; and

determine a correlation between the target face and the target hand on the basis of the

first interaction feature and the second interaction feature.
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13. The computer device of claim 12, wherein when determining the face feature set and the
hand feature set of the image to be detected on the basis of the result obtained by performing

the face and hand detection on the image to be detected, the processor is configured to:

determine a face detection box of each face and a hand detection box of each hand in
the picture of the image to be detected on the basis of the result obtained by performing the

face and hand detection on the image to be detected;

extract a feature of the each face on the face detection box of the each face to obtain

the face feature set; and

extract a feature of the each hand on the hand detection box of the each hand to obtain

the hand feature set.

14. The computer device of claim 12 or 13, wherein when determining the first interaction
feature of the target face on the basis of the face feature of the target face and the hand feature

set, the processor is configured to:

construct a first undirected graph on the basis of the target face and the each hand in
the picture, wherein the first undirected graph includes a first node corresponding to the target
face, a second node in one-to-one correspondence with the each hand, and a first side in one-
to-one correspondence with the second node, each first side is configured to connect the first

node and one of second nodes;

determine a first correlation degree between a hand feature of the hand corresponding
to the second node connected to the each first side and the face feature of the target face in the

first undirected graph; and

determine the first interaction feature on the basis of the face feature of the target face,

the hand feature of the each hand in the picture, and the corresponding first correlation degree.
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15. The computer device of claim 14, wherein when determining the first correlation degree
between the hand feature of the hand corresponding to the second node connected to the each
first side and the face feature of the target face in the first undirected graph, the processor is

configured to:

determine a first confidence degree that the hand corresponding to the second node
connected to the each first side and the target face belong to a same body on the basis of the
hand feature of the hand corresponding to the second node connected to the each first side and

the face feature of the target face; and

normalize the first confidence degree that the hand corresponding to the second node
connected to the each first side and the target face in the first undirected graph belong to the
same body, to obtain the first correlation degree between the hand feature of the hand
corresponding to the second node connected to the each first side and the face feature of the

target face.

16. The computer device of claim 14 or 15, wherein when determining the first interaction
feature on the basis of the face feature of the target face, the hand feature of the each hand in

the picture, and the corresponding first correlation degree, the processor is configured to:

adjust the hand feature of the each hand on the basis of the first correlation degree

corresponding to the each hand, to obtain an adjusted feature of the each hand; and

fuse the adjusted feature of the each hand in the picture and the face feature of the

target face to obtain the first interaction feature.

17. The computer device of claim 12, wherein when determining the second interaction
feature of the target hand on the basis of the hand feature of the target hand and the face

feature set, the processor is configured to:

construct a second undirected graph on the basis of the target hand and each face in

the picture, wherein the second undirected graph includes a third node corresponding to the

46



target hand, a fourth node in one-to-one correspondence with the each face, and a second side
in one-to-one correspondence with the fourth node, each second side is configured to connect

the third node and one of fourth nodes;

determine a second correlation degree between a face feature of the face
corresponding to the fourth node connected to the each second side and the hand feature of

the target hand in the second undirected graph; and

determine the second interaction feature on the basis of the hand feature of the target
hand, the face feature of the each face in the picture, and the corresponding second correlation

degree.

18. The computer device of claim 17, wherein when determining the second correlation
degree between the face feature of the face corresponding to the fourth node connected to the
each second side and the hand feature of the target hand in the second undirected graph, the

processor is configured to:

determine a second confidence degree that the face corresponding to the fourth node
connected to the each second side and the target hand belong to a same body on the basis of
the face feature of the face corresponding to the fourth node connected to the each second side

and the hand feature of the target hand; and

normalize the second confidence degree that the face corresponding to the fourth node
connected to the each second side and the target hand in the second undirected graph belong
to the same body, to obtain the second correlation degree between the face feature of the face
corresponding to the fourth node connected to the each second side and the hand feature of

the target hand.

19. The computer device of claim 17 or 18, wherein when determining the second interaction
feature on the basis of the hand feature of the target hand, the face feature of the each face in

the picture, and the corresponding second correlation degree, the processor is configured to:
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adjust the face feature of the each face on the basis of the second correlation degree

corresponding to the each face, to obtain an adjusted feature of the each face; and

fuse the adjusted feature of the each face in the picture and the hand feature of the

target hand to obtain the second interaction feature.

20. A computer program, comprising computer instructions executable by an electronic
device, wherein when executed by a processor in the electronic device, the computer

instructions are configured to:
acquire an image to be detected;

determine a face feature set and a hand feature set of the image to be detected on the
basis of a result obtained by performing face and hand detection on the image to be detected,
wherein each face feature in the face feature set corresponds to one face in a picture of the
image to be detected, and each hand feature in the hand feature set corresponds to one hand in

the picture of the image to be detected;

determine a first interaction feature of a target face on the basis of a face feature of the
target face and the hand feature set, wherein the target face is any face in the picture of the

image to be detected;

determine a second interaction feature of a target hand on the basis of a hand feature
of the target hand and the face feature set, wherein the target hand is any hand in the picture of

the image to be detected; and

determine a correlation between the target face and the target hand on the basis of the

first interaction feature and the second interaction feature.
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