IMAGE PROCESSING METHOD AND APPARATUS, COMPUTER
DEVICE, COMPUTER-READABLE STORAGE MEDIUM, AND
COMPUTER PROGRAM PRODUCT

RELATED APPLICATION

[0001] This application claims priority to Chinese patent application No. 202210334052.7,

filed on March 30, 2022, which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the field of technologies such as artificial intelligence (Al)
and computer vision (CV), and in particular, to an image processing method and apparatus, a

computer device, a computer-readable storage medium, and a computer program product.

BACKGROUND

[0003] Face swapping is an important technology in the field of computer vision. Face
swapping is widely used in scenarios such as content production, film and television portrait
production, and entertainment video production. For a given image A and a given image B, face
swapping refers to a process of migrating face features in the image A to the image B to obtain a

face-swapped image.

[0004] In the related art, face swapping is generally realized based on shape fitting. For
example, based on detected face key points in the image A and face key points in the image B, a
shape change relationship between the two images in terms of regions such as five sense organs and
contours of faces may be calculated, and the faces in the image A and the image B are fused

according to the shape change relationship to obtain the face-swapped image.

[0005] Face swapping is realized by face deformation and fusion in the above shape fitting
process. However, when poses of the faces in the image A and the image B vary greatly, faces
varying greatly in pose cannot be processed by simple shape fitting, easily leading to unnatural face
deformation in the face-swapped image. In other words, the face-swapped image is less similar to

the face in the image A, leading to low accuracy of face swapping.

SUMMARY

[0006] Embodiments of this application provide an image processing method and apparatus,

a computer device, a computer-readable storage medium, and a computer program product, which
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can improve a similarity before and after face swapping, so as to improve accuracy of face

swapping.
[0007] An embodiment of this application provides an image processing method, including:
[0008] receiving a face swapping request, the face swapping request being used for

requesting replacement of a face in a face to-be-swapped image with a target face;

[0009] acquiring an attribute parameter of the face to-be-swapped image, an attribute
parameter of the target face, and a face feature of the target face, the attribute parameter of the face
to-be-swapped image indicating a three-dimensional attribute of the face in the face to-be-swapped
image;

[0010] determining a target attribute parameter based on the attribute parameter of the face

to-be-swapped image and the attribute parameter of the target face;

[0011] determining a target comprehensive feature based on the target attribute parameter
and the face feature of the target face;

[0012] encoding the face to-be-swapped image to obtain an image encoding feature of the
face to-be-swapped image;

[0013] migrating the target comprehensive feature to the image encoding feature of the face

to-be-swapped image by normalization, to obtain a fusion encoding feature; and

[0014] decoding the fusion encoding feature to obtain a target face-swapped image
including a fusion face, the fusion face being a fusion of the face in the face to-be-swapped image

and the target face.

[0015] An embodiment of this application provides an image processing apparatus,
including:
[0016] an attribute parameter acquisition module configured to receive a face swapping

request, the face swapping request being used for requesting replacement of a face in a face to-be-
swapped image with a target face;

[0017] a target attribute parameter determination module configured to acquire an attribute
parameter of the face to-be-swapped image, an attribute parameter of the target face, and a face
feature of the target face, the attribute parameter of the face to-be-swapped image indicating a three-
dimensional attribute of the face in the face to-be-swapped image; and determine a target attribute
parameter based on the attribute parameter of the face to-be-swapped image and the attribute

parameter of the target face;



[0018] a comprehensive feature determination module configured to determine a target

comprehensive feature based on the target attribute parameter and the face feature of the target face;

[0019] an encoding module configured to encode the face to-be-swapped image to obtain an

image encoding feature of the face to-be-swapped image;

[0020] a migration module configured to migrate the target comprehensive feature to the
image encoding feature of the face to-be-swapped image by normalization, to obtain a fusion

encoding feature; and

[0021] a decoding module configured to decode the fusion encoding feature to obtain a
target face-swapped image including a fusion face, the fusion face being a fusion of the face in the

face to-be-swapped image and the target face.

[0022] An embodiment of this application provides a computer device, including a memory,
a processor, and a computer program stored on the memory, the processor executing the computer

program to implement the foregoing image processing method.

[0023] An embodiment of this application provides a computer-readable storage medium,
storing a computer program, the computer program, when executed by a processor, implementing

the foregoing image processing method.

[0024] An embodiment of this application provides a computer program product, including
a computer program, the computer program, when executed by a processor, implementing the

foregoing image processing method.

[0025] The technical solutions provided in the embodiments of this application have the

following beneficial effects:

[0026] According to the embodiments of this application, the target attribute parameter is
determined based on the attribute parameter of the face to-be-swapped image and the attribute
parameter of the target face, so as to position a three-dimensional attribute feature of a face in an
image expected to be generated. The target comprehensive feature that can comprehensively
represent the face to-be-swapped image and the target face is obtained based on the target attribute
parameter and the face feature of the target face. The face to-be-swapped image is encoded to obtain
the image encoding feature of the face to-be-swapped image, so as to obtain a pixel-level refined
feature of the face to-be-swapped image through the image encoding feature. The target
comprehensive feature is migrated to the image encoding feature of the face to-be-swapped image
by normalization to obtain the fusion encoding feature. In the embodiments of this application, an

encoding feature refined to a pixel level is mixed with a global comprehensive feature, and the
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image encoding feature is aligned with the target comprehensive feature, so as to improve accuracy
of the generated fusion encoding feature. The fusion encoding feature is decoded to obtain the target
face-swapped image including the fusion face, and a decoded image can be refined to each pixel to
show the target comprehensive feature, so that sense organs of a fusion face in the decoded image
are closer to the target face, which improves a similarity between the fusion face and the target face

in terms of sense organs, thereby improving accuracy of face swapping.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] To describe the technical solutions in embodiments of this application more clearly,
the following briefly describes the accompanying drawings required for describing the

embodiments of this application.

[0028] FIG. 1 is a schematic diagram of an implementation environment of an image

processing method according to an embodiment of this application.

[0029] FIG. 2 is a schematic flowchart of a training method for a face swapping model

training method according to an embodiment of this application.

[0030] FIG. 3 is a schematic diagram of a framework of a training process of a face

swapping model according to an embodiment of this application.

[0031] FIG. 4 is a signaling interaction diagram of an image processing method according to

an embodiment of this application.

[0032] FIG. 5 is a schematic structural diagram of an image processing apparatus according

to an embodiment of this application.

[0033] FIG. 6 is a schematic structural diagram of a computer device according to an

embodiment of this application.

DETAILED DESCRIPTION

[0034] The following describes the embodiments of this application with reference to the
accompanying drawings in this application. It is to be understood that implementations set forth
below with reference to the accompanying drawings are exemplary descriptions of the technical
solutions used for explaining embodiments of this application and do not constitute limitations on

the technical solutions of the embodiments of this application.

[0035] It may be understood that, face images as referred to in specific implementations of

this application, for example, any object-related data such as a first sample image, a second sample



image, a pose image, and a video of a target object used in training of a face swapping model, and
any object-related data such as a face to-be-swapped image and a face feature and an attribute
parameter of a target face used in face swapping performed by the face swapping model, are all
acquired with consent or permission of related objects. When the following embodiments of this
application are applied to specific products or technologies, permission or consent needs to be
obtained from objects, and collection, use, and processing of relevant data need to comply with
relevant laws, regulations, and standards of relevant countries and regions. In addition, face
swapping processes performed on a face image of any object by using an image processing method
of this application are all face swapping processes performed based on a face swapping service or

face swapping request triggered by the related object and with permission or consent of the related

object.
[0036] The technical terms involved in this application are introduced below:
[0037] 1) Face swapping: Face swapping means using a target face in one face image to

swap a face in another image.

[0038] 2) Face swapping model: The face swapping model may be invoked to swap a target
face to any face to-be-swapped image based on attribute data and a face feature of the target face.
The image processing method according to the embodiments of this application may involve
replacing a face in the face to-be-swapped image with an exclusive target face by using the face

swapping model.

[0039] 3) Face to-be-swapped image: The face to-be-swapped image is an image in which a
face needs to be swapped. For example, the target face may be swapped for the face in the face to-
be-swapped image. It should be noted that the face to-be-swapped image is swapped to obtain a
target face-swapped image by using the image processing method according to the embodiments of
this application. A fusion face included in the target face-swapped image is a fusion of the face in
the face to-be-swapped image and the target face. The fusion face is more similar to the target face
in terms of sense organs. Poses such as an expression and an angle of the face in the face to-be-
swapped image are further fused in the fusion face, so that the target face image is more vivid and

realistic.

[0040] 3) Attribute parameter: An attribute parameter of an image is used for indicating
three-dimensional attributes of a face in the image, which may represent attributes of the face in a

three-dimensional space, such as poses and a space environment.

[0041] 4) Face feature: The face feature represents a feature of the face in the image in a



two-dimensional plane, for example, a distance between two eyes and a size of a nose. The face

feature may represent identity of an object with the face feature.

[0042] 5) Target face: The target face is an exclusive face used for replacing the face in the
image. The target face may be a face specified based on a user's selection operation. An
embodiment of this application provides a face swapping service that takes the target face as the
exclusive face. That is, the exclusive target face may be swapped to any face to-be-swapped image.
For example, a target face A may replace a face of an image B, and the target image A may also
replace a face of an image C.

[0043] 6) First sample image: The first sample image includes the target face, which is an
image used in training of the face swapping model.

[0044] 7) Second sample image: The second sample image includes a face to be replaced,
which is an image used in training of the face swapping model. During the training, the target face
in the first sample image may be taken as an exclusive face, and the target face in the first sample
image is swapped to the second sample image, so as to obtain the face swapping model by training

based on this process.

[0045] FIG. 1 is a schematic diagram of an implementation environment of an image
processing method according to an embodiment of this application. As shown in FIG. 1, the

implementation environment includes: a server 11 and a terminal 12.

[0046] The server 11 is provided with a face swapping model obtained by training. The
server 11 may provide the terminal 12 with a face swapping function based on the face swapping
model. The face swapping service means swapping a face in a face to-be-swapped image based on a
target face, so that a fusion face in a generated target face image can fuse an original face in the
image and the target face. In some embodiments, the terminal 12 may transmit a face swapping
request to the server 11. The face swapping request may carry the face to-be-swapped image. The
server 11 may perform, based on the face swapping request, the image processing method of this
application to generate a target face-swapped image, and returns the target face-swapped image to
the terminal 12. In some embodiments, the server 11 may be a backend server of an application
program. An application program is installed on the terminal 12. The terminal 12 and the server 11
may exchange data based on the application program to realize a face swapping process. The
application program may be provided with a face swapping function. The application program is
any application supporting the face swapping function. For example, the application program
includes, but is not limited to, a video editing application, an image processing tool, a video
application, a live streaming application, a social application, a content interaction platform, a game
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application, and so on.

[0047] The server may be an independent physical server, or may be a server cluster or a
distributed system formed by a plurality of physical servers, or may be a cloud server or a server
cluster that provides basic cloud computing services such as a cloud service, a cloud database, cloud
computing, a cloud function, cloud storage, a network service, cloud communication, a middleware
service, a domain name service, a security service, a content delivery network (CDN), big data, and
an Al platform. The network may include but not limited to: a wired network, and a wireless
network. The wired network includes: a local area network, a metropolitan area network, and a wide
area network. The wireless network includes: Bluetooth, Wi-Fi, and another network implementing
wireless communication. The terminal may be smart phones (such as an Android phones or iOS
phones), tablet computers, laptop computers, digital broadcast receivers, mobile Internet devices
(MIDs), personal digital assistants, desktop computers, vehicle-mounted terminals (such as vehicle-
mounted navigation terminals or vehicle-mounted computers), smart home appliances, aircrafts,
smart speakers, smart watches, or the like. The terminal and the server may be directly or indirectly

connected by wired or wireless communication, but are not limited thereto.

[0048] The image processing method according to this embodiment of this application
relates to the following technologies such as Al and CV. For example, processes of extracting an
attribute parameter in a first sample image and training the face swapping model are realized by
using cloud computing and big data processing technologies in the Al technology. For example,
face recognition is performed on image frames in a video by using the CV technology, so as to crop

out a first sample image including a target face.

[0049] Artificial Intelligence (Al) is a theory, method, technology, and application system
that uses a digital computer or a machine controlled by the digital computer to simulate, extend, and
expand human intelligence, perceive an environment, acquire knowledge, and use knowledge to
obtain an optimal result. In other words, Al is a comprehensive technology in computer science.
This technology attempts to understand the essence of intelligence and produce a new intelligent
machine that can react in a manner similar to human intelligence. Al is to study the design
principles and implementation methods of various intelligent machines, so that the machines can
perceive, infer, and make decisions.

[0050] The Al technology is a comprehensive subject, relating to a wide range of fields, and
involving both hardware and software techniques. Basic Al technologies generally include
technologies such as a sensor, a dedicated Al chip, cloud computing, distributed storage, a big data

processing technology, an operating/interaction system, and electromechanical integration. An Al
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software technology mainly includes several major fields such as a computer vision (CV)
technology, a speech processing technology, a natural language processing technology, machine

learning (ML) /deep learning (DL), autonomous driving, and smart transportation.

[0051] It is to be understood that the CV technology is a science that studies how to use a
machine to "see", and furthermore, that uses a camera and a computer to replace human eyes to
perform machine vision such as recognition and measurement on a target, and further perform
graphic processing, so that the computer processes the target into an image more suitable for human
eyes to observe, or an image transmitted to an instrument for detection. As a scientific discipline,
the CV studies related theories and technologies and attempts to establish an Al system that can
obtain information from images or multidimensional data. The CV technology generally includes
technologies such as image processing, image recognition, image semantic understanding, image
retrieval, optical character recognition, video processing, video semantic understanding, video
content/behavior recognition, 3D object reconstruction, 3D technology, virtual reality, augmented
reality, synchronous positioning and map construction, autonomous driving, and smart
transportation, and further includes biometric feature recognition technologies such as common face

recognition and fingerprint recognition.

[0052] To make the solved technical problem objectives, the implemented technical
solutions, and the achieved technical effects of the embodiments of this application clearer, the
following further describes in detail implementations of this application with reference to the

accompanying drawings.

[0053] FIG. 2 is a schematic flowchart of a training method for a face swapping model
according to an embodiment of this application. The method may be performed by a computer
device (e.g., the server 11 shown in FIG. 1). As shown in FIG. 2, the method includes the following
step 201 to step 208.

[0054] Step 201: The computer device acquires a face feature and an attribute parameter of

a first sample image, and acquires an attribute parameter of a second sample image.

[0055] The first sample image includes a target face. The second sample image includes a
face to be replaced. The computer device may collect data including any face as the second sample
image, and collect images including the target face at a plurality of pose angles as the first sample
image. The computer device may acquire the attribute parameter of the first sample image and the
attribute parameter of the second sample image through a face parameter estimation model. The
computer device may acquire a face feature of the first sample image through a face recognition
model.



[0056] The face parameter estimation model is configured to estimate a three-dimensional
attribute parameter of the face based on an inputted two-dimensional face image. The face
parameter estimation model may be a model of a convolutional neural network structure. For
example, the face parameter estimation model may be 3D morphable models (3DMM). In this
embodiment of this application, a three-dimensional attribute parameter of the inputted two-
dimensional face image may be partially regressed through a residual network (ResNet) in the
3DMM. The face parameter estimation model may also be any other model with a function of
extracting a three-dimensional attribute parameter of a face in a two-dimensional image. Only the

3DMM is taken as an example herein.

[0057] The attribute parameter is used for indicating three-dimensional attributes of a face
in an image, which may represent attributes of the face in a three-dimensional space, such as poses
and a space environment. The attribute parameter includes, but is not limited to, a shape coefficient
(id_coeff), an expression coefficient (expression_coeff), a texture coefficient (texture_coeff), an
angle coefficient (angles_coeff), an illumination coefficient (gamma_coeff), and the like. The shape
coefficient represents a shape of a face, a shape of five sense organs of the face, and the like. The
angle coefficient represents angles of the face such as a pitch angle and a left-right deflection angle.
The texture coefficient may represent skin, hair, and so on of the face. The illumination coefficient

may represent illumination of a surrounding environment in which the face in the image is located.

[0058] The computer device according to this embodiment of this application may extract
one or more specified items in the shape coefficient, the expression coefficient, the texture
coefficient, the angle coefficient, and the illumination coefficient as attribute parameters of various
sample images, or extract all the items as attribute parameters of the corresponding sample images.
Correspondingly, the attribute parameters of the first sample image and the second sample image

may be acquired in the following three manners.

[0059] In manner 1, the computer device extracts the shape coefficient of the target face in
the first sample image as the attribute parameter of the first sample image, and the computer device
extracts the expression coefficient and the angle coefficient in the second sample image as the

attribute parameter of the second sample image.

[0060] In the manner 1, the attribute parameter of the first sample image includes the shape
coefficient of the target face in the first sample image. The attribute parameter of the second sample
image includes the expression coefficient and the angle coefficient of the face in the second sample
image. The shape coefficient of the first sample image and the expression coefficient and the angle

coefficient of the second sample image are acquired to facilitate subsequent fusion of a shape
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feature of the target face and features of a face to be replaced such as an expression and an angle, so
that a face in a sample face-swapped image obtained by fusion can have shapes of five sense organs
of the target face and the expression, the angle, and the like of the face to be replaced. Therefore, a
similarity between the fused face and the target face in terms of the shapes of the five sense organs

is improved.

[0061] In manner 2, for the second sample image, the computer device may acquire a pre-
configuration parameter of the second sample image as the attribute parameter of the second sample
image. For the first sample image, the computer device extracts the shape coefficient of the target

face in the first sample image as the attribute parameter of the first sample image.

[0062] In the manner 2, the computer device configures, as required, which items may be
included in the attribute parameter of the second sample image. The attribute parameter of the
second sample image may include a pre-configuration parameter. For example, the pre-
configuration parameter may include at least one of an expression coefficient, a texture coefficient,
an angle coefficient, and an illumination coefficient. The pre-configuration parameter is a parameter
pre-configured as required. For example, through the pre-configuration parameter including the
illumination coefficient and the expression coefficient, the face finally obtained by fusion has
features such as illumination of a surrounding environment and an expression of the face to be
replaced. Alternatively, the pre-configuration parameter may include the texture coefficient, the

angle coefficient, and the like. Details are not described herein again.

[0063] In manner 3, the computer device may also extract a plurality of parameters of the
first sample image and the second sample image as the corresponding attribute parameters.

Required parameters may be further extracted from the plurality of parameters in subsequent steps.

[0064] As an example, the attribute parameter of the first sample image may include the
shape coefficient, the expression coefficient, the texture coefficient, the angle coefficient, and the
illumination coefficient of the target face in the first sample image. For example, the attribute
parameter may be represented as a vector. When the attribute parameter of the first sample image
includes the above five parameters, the attribute parameter of the first sample image may be
represented as a 257-dimensional feature vector. The attribute parameter of the second sample
image may also include the shape coefficient, the expression coefficient, the texture coefficient, the
angle coefficient, and the illumination coefficient of the second sample image. Correspondingly, the
attribute parameter of the second sample image may also be represented as a 257-dimensional

feature vector.

[0065] In some embodiments, the computer device may acquire pose images of the target
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face at a plurality of pose angles, and extract the face feature and the attribute parameter of the first
sample image based on the pose images. A process in which the computer device acquires the face
feature and the attribute parameter of the first sample image may be realized through the following
technical solution: The computer device acquires at least two pose images as the first sample image.
The at least two pose images include at least two face poses of the target face. The computer device
acquires face features and attribute parameters corresponding to the at least two face poses based on
the at least two pose images. The computer device takes a mean of the face features corresponding
to the at least two face poses as the face feature of the first sample image, and takes a mean of the
attribute parameters corresponding to the at least two face poses as the attribute parameter of the
first sample image. The computer device may invoke the face parameter estimation model to extract
the attribute parameter of each of the at least two pose images, calculate the mean of the attribute
parameters of the at least two pose images, and take the mean of the attribute parameters of the at
least two pose images as the attribute parameter of the first sample image. The computer device
may invoke the face recognition model to extract the face feature of each of the at least two pose
images in the two-dimensional plane, calculate the mean of the face features of the at least two pose
images, and take the mean of the face features of the at least two pose images as the face feature of
the first sample image. For example, the face feature of the first sample image may be a 512-
dimensional feature vector. The face feature represents identity of a target object. The target face is

a face of the target object.

[0066] In some embodiments, the computer device may extract a plurality of pose images
including the target face from a video. The computer device may acquire at least two pose images
as the first sample image through the following technical solution: The computer device performs
face recognition on at least two image frames included in a video of a target object to obtain at least
two image frames including the target face. The target face is a face of the target object. The
computer device performs face cropping on the at least two image frames to obtain the at least two
pose images, and takes the at least two pose images as the first sample image. The face poses may
include, but is not limited to, any attribute such as face expressions and angles, shapes of five sense
organs of the face, movement, glasses worn on the face, and face makeup. The computer device
may distinguish the poses through any attribute in the face poses. For example, a smiling face and
an angry face may be taken as faces of two poses. A bespectacled face and a non-bespectacled face
may also be taken as faces of two poses. A face at a pitch angle of 45° upward with eyes closed and
a face at a pitch angle of 30° downward with eyes open of the target face may also be taken as faces
of two poses. The computer device may also acquire a plurality of independent still images of the

target face and extract a plurality of pose images from the plurality of independent still images. The
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computer device may also perform face cropping on the plurality of still images to obtain at least

two pose images, and take the at least two pose images as the first sample image.

[0067] In some embodiments, the computer device may perform face cropping on the image
frames to obtain the pose images through the following technical solution. Firstly, the computer
device performs face detection on the image frames to obtain face coordinate boxes of the image
frames. Specifically, a face region in which the target face in the image frames is located is circled
by the face coordinate boxes. Next, the computer device performs face registration on the image
frames according to the face coordinate boxes of the image frames to obtain target face key points
in the image frames. Specifically, the target face key points may include five sense organs key
points, face contour key points of the target face in the image frames, and may also include hair key
points or the like. The computer device may be implemented through a target detection network,
such as a YOLO network, and perform key point detection on the image frames. Input information
of the target detection network is a face image and face coordinate boxes of the face image in the
image frames, and output information is a face key point coordinate sequence including the target
face key points. A quantity of key points included in the face key point coordinate sequence may be
pre-configured based on different requirements on face details. For example, the quantity of key
points included in the face key point coordinate sequence may be a fixed value such as 5, 68, or 90.
Finally, the computer device performs face cropping on the image frames based on the target face
key points to obtain the pose images, connect the target face key points according to an order
represented by the face key point coordinate sequence, and take closed graphs obtained by the

connection as the pose images.

[0068] In some embodiments, a process of acquiring the second sample image is similar to
the process of acquiring the first sample image. For example, the computer device may acquire an
object image including any object, perform face cropping on the object image to obtain an image
including a face of the object, and take the image including the face of the object as the second
sample image. Face cropping is performed in a manner similar to the technical solution of
performing face cropping on the image frames to obtain the pose images. Details are not described
herein again. In addition, the computer device may invoke the face parameter estimation model to
extract the attribute parameter of the second sample image.

[0069] In some embodiments, the computer device may store the face feature and the
attribute parameter of the first sample image. Specifically, the computer device may store the face
feature and the attribute parameter of the first sample image to a target address. The target address is

a pre-configured storage address. Fixed storage of the face feature and the attribute parameter of the
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target face enables convenient direct extraction of data from the target address in subsequent use.
For example, when an exclusive face swapping service is externally provided by using a trained
face swapping model, by fixed storage, the computer device can directly extract the face feature and
the attribute parameter of the target face that have been stored, so as to realize an exclusive face
swapping process of swapping the exclusive target face to any face image. In another example, the
face feature and the attribute parameter of the target face may be directly extracted from the target

address for training in an iterative training phase.

[0070] Step 202: The computer device determines a sample attribute parameter based on the
attribute parameter of the first sample image and the attribute parameter of the second sample

image.

[0071] The sample attribute parameter is used for indicating an expected attribute of a face

in a sample face-swapped image to be generated.

[0072] Corresponding to the manner 1 in step 201, the computer device may determine the
shape coefficient of the first sample image and the expression coefficient and the angle coefficient

of the second sample image to be the sample attribute parameter.

[0073] Corresponding to the manner 2 and the manner 3 in step 201, the computer device
may select, as required, various attribute parameters of the first sample image and the second
sample image as the sample attribute parameter. Step 202 may be implemented through the
following technical solution: The computer device determines the shape coefficient of the first
sample image and the pre-configuration parameter of the second sample image to be the target
attribute parameter. The pre-configuration parameter of the second sample image includes at least
one of an expression coefficient, an angle coefficient, a texture coefficient, and an illumination
coefficient. Corresponding to the manner 2 in step 201, the pre-configuration parameter may be the
pre-configuration parameter acquired in the manner 2 in step 201. In this step, the computer device
may directly acquire the pre-configuration parameter of the second sample image. Corresponding to
the manner 3 in step 201, the pre-configuration parameter may also be a pre-configuration
parameter extracted from the attribute parameter including the five coefficients. In this step, the
computer device may extract a pre-configuration parameter corresponding to a pre-configuration
parameter ID from the second sample image according to the pre-configuration parameter ID. For
example, the pre-configuration parameter ID may include parameter IDs of at least one of the
expression coefficient, the angle coefficient, the texture coefficient, and the illumination coefficient.
For example, the pre-configuration parameter may include the expression coefficient and the angle.
That is, the face in the sample face-swapped image to be generated is expected to have the shapes of
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the face and the five sense organs of the target face, as well as the expression and the angle of the
face in the second sample image. The computer device may determine the shape coefficient of the
target face and the expression coefficient and the angle of the second sample image to be the target
attribute parameter. In another example, the pre-configuration parameter may also include the
texture coefficient and the illumination coefficient. That is, the face in the sample face-swapped
image is expected to have the shape of the target face, as well as the texture coefficient and the
illumination coefficient of the face in the second sample image. The computer device may also
determine the shape coefficient of the target face and the texture coefficient and the illumination

coefficient of the second sample image to be the sample attribute parameter.

[0074] Step 203: The computer device determines a sample comprehensive feature based on

the sample attribute parameter and the face feature of the first sample image.

[0075] The computer device may splice the sample attribute parameter and the face feature
of the first sample image, and take a splicing feature obtained by splicing as the sample
comprehensive feature. The sample comprehensive feature may represent a comprehensive feature
of a face in a sample face feature expected to be generated. For example, the sample attribute
parameter and the face feature may be expressed as feature vectors. The computer device may
splice a first feature vector corresponding to the sample attribute parameter and a second feature
vector corresponding to the face feature to obtain a third feature vector corresponding to the sample

comprehensive feature.

[0076] Step 204: The computer device encodes the second sample image to obtain a sample

encoding feature.

[0077] The computer device inputs the second sample image into an encoder of an
initialized face swapping model, encodes the second sample image through the encoder to obtain an
encoding vector corresponding to the second sample image, and takes the encoding vector as the
sample encoding feature. The second sample image is encoded to obtain the sample encoding
feature, so as to accurately refine pixel-level information of various pixels included in the second

sample image.

[0078] The encoder includes a plurality of cascaded convolutional layers. The second
sample image is convoluted through the plurality of cascaded convolutional layers. Each
convolutional layer inputs a convolution result to next convolutional layer to continue the

convolution. The final convolutional layer outputs the sample encoding feature.

[0079] Step 205: The computer device migrates the sample comprehensive feature to the
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sample encoding feature of the second sample image by normalization to obtain a sample fusion

feature.

[0080] The computer device may use step 205 to realize fusion of the sample
comprehensive feature and the sample encoding feature. The computer device may align the sample
encoding feature from third feature distribution of the sample comprehensive feature to fourth
feature distribution of the second sample image by normalization to obtain the sample fusion
feature. In some embodiments, the feature distribution may include a mean and a standard
deviation. Correspondingly, step 205 may be implemented through the following technical solution:
The computer device acquires a third mean and a third standard deviation of the sample encoding
feature in at least one feature channel to take normal distribution conforming to the third mean and
the third standard deviation as the third feature distribution, and acquires a fourth mean and a fourth
standard deviation of the sample comprehensive feature in the at least one feature channel to take
normal distribution conforming to the fourth mean and the fourth standard deviation as the fourth
feature distribution. The computer device aligns the mean and the standard deviation (the third
feature distribution) of the sample encoding feature in each feature channel with the mean and the
standard deviation (the fourth feature distribution) of the sample comprehensive feature in the
corresponding feature channel to obtain the sample fusion feature. The computer device may
normalize each feature channel of the sample encoding feature, and align a mean and a standard
deviation of the normalized sample encoding feature with a mean and a standard deviation of the

sample comprehensive feature to generate the sample fusion feature.

[0081] As an example, the computer device may realize the above alignment from the third
feature distribution to the fourth feature distribution based on the sample encoding feature and the

sample comprehensive feature through the following formula (1), and calculate the sample fusion

feature.
X — u(X
AdalN (x,y) = a(y)[ 2 )jw(y) 0
o(X)
[0082] where x denotes the sample encoding feature, y denotes the sample comprehensive

feature, 6(x) and p(x) respectively denote the mean and the standard deviation of the sample
encoding feature, and o(y) and p(y) respectively denote the mean and the standard deviation of the
sample comprehensive feature. Adaptive instance normalization (AdalN) is to adopt an AdalN

algorithm. AdalN(x, y) denotes the sample fusion feature generated based on AdalN.

[0083] As an example, in addition to the above AdalN, an instance normalization (IN)
algorithm may also be adopted, which is not limited.
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[0084] Step 206: The computer device decodes the sample fusion feature to obtain a sample

face-swapped image.

[0085] The computer device causes the sample fusion feature to pass through a decoder in
the initialized face swapping model, and restores an image corresponding to the sample fusion
feature through the decoder. The computer device takes the image outputted by the decoder as the
sample face-swapped image. The decoder may restore an image corresponding to an injected
feature based on the injected feature. The computer device decodes the sample fusion image
through the decoder to obtain the sample face-swapped image. For example, the encoder may
convolute an inputted image. Therefore, during operation, the decoder may perform a reverse
operation according to an operation principle of the encoder, that is, a deconvolution operation, to
restore the image corresponding to the sample fusion feature. For example, the encoder may be an

AutoEncoder (AE), and the decoder may be a decoder corresponding to the AE.

[0086] The decoder includes a plurality of cascaded convolutional layers. The sample fusion
feature is deconvoluted through the plurality of cascaded convolutional layers. Each convolutional
layer inputs a deconvolution result to next convolutional layer to continue the deconvolution. The

final convolutional layer outputs the sample face-swapped image.

[0087] Through step 205, feature migration is performed by normalization, so that the
sample comprehensive feature can be migrated into an encoding feature of any image, to realize
mixing of the sample comprehensive feature and the sample encoding feature. Moreover, the
sample encoding feature is a feature representing various pixels in the second sample image, and the
sample comprehensive feature integrates features of the first sample image and the second sample
image from a global perspective. Therefore, by normalization, mixing between the encoding feature
refined to the pixel level and the global comprehensive feature is realized, and feature distribution
of the sample encoding feature is aligned with the sample comprehensive feature, so as to improve
accuracy of the generated sample fusion feature. Through step 206, an image is decoded by using
the sample fusion feature, so that the decoded image can be refined to various pixels to show the
sample comprehensive feature, which improves a similarity between a face in the decoded image

and the target face in terms of sense organs, and improves accuracy of face swapping.

[0088] Step 207: Determine a total loss of the initialized face swapping model based on a
first difference between the sample face-swapped image and the sample attribute parameter, a
second difference between a face feature of the sample face-swapped image and the face feature of
the first sample image, and a third difference between the sample face-swapped image and the

second sample image.
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[0089] A first weight corresponding to the first difference, a second weight corresponding to
the second difference, and a third weight corresponding to the third difference are acquired, and the
first difference, the second difference, and the third difference are weighted and averaged based on
the first weight, the second weight, and the third weight to obtain the total loss. The weights
corresponding to the differences may be pre-configured weights.

[0090] Step 208: Train the initialized face swapping model based on the total loss until a
target condition is met, and take a model obtained in response to the target condition being met as
the face swapping model.

[0091] The computer device may determine a plurality of similarities between the sample
face-swapped image and the sample attribute parameter, the face feature of the first sample image,
as well as the second sample image respectively, and obtain the total loss based on the plurality of
similarities. In some embodiments, the initialized face swapping model may include a discriminator.
The computer device may determine authenticity of the sample face-swapped image by using the
discriminator. A process in which the computer device determines the total loss may include the
following steps: The computer device acquires a first similarity between an attribute parameter of
the sample face-swapped image and the sample attribute parameter, and takes the first similarity as
the first difference. The computer device acquires a second similarity between the face feature of
the sample face-swapped image and the face feature of the first sample image, and takes the second
similarity as the second difference. The computer device acquires, through the discriminator of the
initialized face swapping model, a third similarity between the second sample image and the sample
face-swapped image, and takes the third similarity as the first difference. The computer device

determines the total loss based on the first similarity, the second similarity, and the third similarity.

[0092] The computer device may extract the attribute parameter of the sample face-swapped
image, and determine the first similarity between the attribute parameter of the sample face-

swapped image and the sample attribute parameter through the following formula (2).
3d feature loss = abs(gt 3d feature — result 3d feature) (2);

[0093] where 3d feature loss denotes the first similarity. The smaller the value of the first
similarity is, the closer the attribute parameter of the sample face-swapped image is to the sample
attribute parameter. result 3d feature denotes the attribute parameter of the sample face-swapped
image, and gt 3d feature denotes the sample attribute parameter. abs denotes an absolute value of (gt
3d feature — result 3d feature). The sample attribute parameter may be the shape coefficient of the
target face and the expression coefficient and the angle of the second sample image.
Correspondingly, gt 3d feature may be expressed as the following formula (3):
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gt 3d feature=source 3d feature id+target 3d feature expression+ target 3d feature angles; (3);

[0094] source 3d feature id denotes the shape coefficient of the first sample image, target 3d
feature expression denotes the expression coefficient of the second sample image, and target 3d

feature angles denote the angle of the second sample image.

[0095] The computer device may extract the face feature of the sample face-swapped image,
and determine the second similarity between the face feature of the sample face-swapped image and

the face feature of the first sample image through the following formula (4).
id loss=1 — cosine similarity(result id feature, Mean Source ID) 4);

[0096] where id loss denotes the second similarity. The smaller the value of the second
similarity is, the closer the face feature of the sample face-swapped image is to the face feature of
the first sample image. result id feature denotes the face feature of the sample face-swapped image,
and Mean Source ID denotes the face feature of the first sample image. cosine similarity (result id
feature, Mean Source ID) denotes a cosine similarity between the result id feature and the Mean

Source ID. The cosine similarity may be determined in a process as shown by the following formula

(5):

AR 2 AB
similarity=cos(6) = WE] = Le - (5);
I,
[0097] where A and B may respectively denote a feature vector corresponding to the face

feature of the sample face-swapped image and a feature vector corresponding to the face feature of

the first sample image. 6 denotes an angle between the feature vector A and the feature vector B. A

denotes a component of an i feature channel in the face feature of the sample face-swapped image.
Bi denotes a component of the i™" feature channel in the face feature of the first sample image.

similarity and cos(0) denote the cosine similarity.

[0098] The computer device may input the second sample image as a real image into the
discriminator, and input the sample face-swapped image into the discriminator. The computer
device respectively acquires third scale images of the second sample image in at least one scale and
fourth scale images of the sample face-swapped image in the at least one scale through the
discriminator. The computer device acquires a discrimination probability corresponding to each of
the third scale images, and acquires a discrimination probability corresponding to each of the fourth

scale images. A discrimination probability of an image is used for indicating a probability of
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determining the image to be the real image. The image is the third scale image or the fourth scale
image. The computer device determines the third similarity based on the discrimination probability
corresponding to each of the third scale images and the discrimination probability corresponding to
each of the fourth scale images. For example, the initialized face swapping model may include a
generator and a discriminator. The computer device acquires a discrimination loss value
corresponding to the discriminator, acquires a generation loss value corresponding to the generator,
and determines the third similarity based on the generation loss value and the discrimination loss
value. The generator is configured to generate the sample face-swapped image based on the second
sample image and the first sample image. For example, the generator may include the encoder and
the decoder used in step 204 to step 206. The third similarity may include the generation loss value
and the discrimination loss value. The computer device may represent the generation loss value with
the discrimination probability of the sample face-swapped image. For example, the computer device
calculates the generation loss value based on the discrimination probability of the sample face-

swapped image through the following formula (6).
G loss=log(1 — D(result))  (6);

[0099] where D(result) denotes the discrimination probability of the sample face-swapped
image, the discrimination probability of the sample face-swapped image refers to a probability that
the sample face-swapped image belongs to the real image, and G loss denotes the generation loss

value.

[0100] The generator includes a plurality of cascaded convolutional layers. For example, the
generator may have a U-Net structure. The second sample image and the first sample image are
down-sampled through a U-Net. Then, a down-sampling result is up-sampled to obtain the sample
face-swapped image. The discriminator also includes a plurality of cascaded convolutional layers.
The discriminator has a down-sampling structure of the U-Net and a fully connected layer. The
down-sampling structure of the U-Net convolutes the sample face-swapped image, and then the
fully connected layer maps a convolution result to obtain the discrimination probability of the

sample face-swapped image.

[0101] The discriminator may be a multi-scale discriminator. The computer device may
scale the sample face-swapped image through the discriminator to obtain fourth scale images in
multiple scales, for example, obtain a fourth scale image of the sample face-swapped image in a
first scale, a fourth scale image in a second scale, and a fourth scale image in a third scale
respectively. Similarly, the computer device may acquire a third scale image of the second sample
image in the first scale, a third scale image in the second scale, and a third scale image in the third
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scale respectively through the discriminator. The first scale, the second scale, and the third scale
may be set as required. For example, the first scale may be an original scale of the sample face-
swapped image or the second sample image. The second scale may be 1/2 of the original scale. The
third scale may be 1/4 of the original scale. The computer device may acquire discrimination
probabilities corresponding to scale images in various scales through the multi-scale discriminator,
and calculate the discrimination loss value based on the discrimination probabilities of the scale
images in multiple scales. For example, the computer device acquires the discrimination loss value
based on the discrimination probability corresponding to each of the third scale images and the
discrimination probability corresponding to each of the fourth scale images through the following

formula (7).

D loss = 1/3 * {~ logD(template img)—log(1-D(result))-logD(template img1/2)—log(1-
D(resultl/2))-logD(template img1/4)— log(1-D(result 1/4))}  (7);

[0102] where D(template img), D(template img1/2), and D(template img1/4) respectively
denote a discrimination probability of the third scale image of the second sample image in the
original scale, a discrimination probability of the third scale image of the second sample image in
the 1/2 scale, and a discrimination probability of the third scale image of the second sample image
in the 1/4 scale. D(result), D(result1/2), and D(result 1/4) respectively denote a discrimination
probability of the fourth scale image of the sample face-swapped image in the original scale, a
discrimination probability of the fourth scale image of the sample face-swapped image in the 1/2
scale, and a discrimination probability of the fourth scale image of the sample face-swapped image
in the 1/4 scale. In this embodiment of this application, the second sample image may be taken as a

real image.

[0103] The computer device may determine the third similarity based on the above
discrimination loss value and generation loss value. For example, the third similarity= G loss +D
loss. For the discriminator, when the generation loss value and the discrimination loss value reach a
balance, it may be considered that the discriminator has reached a training stop condition, and no

further training is needed.

[0104] The computer device may determine the total loss based on the first similarity, the

second similarity, and the third similarity through the following formula (8):
loss = id loss + 3d feature loss + D loss + G loss (8);

[0105] where loss denotes the total loss, 3d feature loss denotes the first similarity, id loss

denotes the second similarity, and (D loss + G loss) denotes the third similarity.
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[0106] The computer device may iteratively train the initialized face swapping model based
on step 201 to step 206, acquire a total loss corresponding to each iterative training, and adjust a
parameter of the initialized face swapping model based on the total loss of each iterative training.
For example, parameters included in the encoder, the decoder, and the discriminator in the
initialized face swapping model are optimized multiple times until the total loss meets a target
condition, and the computer device stops training and takes a model obtained from final
optimization as the face swapping model. The target condition may be a value of the total loss being
within a target numerical range. The target numerical range is a range preset according to a plurality
of experiments. For example, the total loss is within the target numerical range of 0.5 or less.
Alternatively, the time consumed by multiple iterative trainings exceeds a maximum time length.
The maximum time length is 70% of a required time length from training to application release. For
example, the required time length from training to application release is 1 hour. If the time
consumed by multiple iterative trainings exceeds 0.7 hour, it indicates that the target condition is

met.

[0107] FIG. 3 is a schematic diagram of a framework of a training process of a face
swapping model according to an embodiment of this application. As shown in FIG. 3, the computer
device may take a face of an object A as an exclusive target face, acquire face images of a plurality
of poses of the face of the object A as a first sample image, extract an attribute parameter of the first
sample image through a 3D face parameter estimation model, extract a face feature of the first
sample image through a face recognition model, and extract an attribute parameter of a second
sample image through the 3D face parameter estimation model. The computer device integrates the
face feature and a shape coefficient of the first sample image and a pre-configuration parameter
(such as an expression coefficient and an angle coefficient) of the second sample image into a
sample attribute parameter. The computer device may input the second sample image into an
initialized face swapping model. The initialized face swapping model may include an encoder and a
decoder. The computer device may encode the second sample image through the encoder to obtain
an encoding feature of the second sample image. For example, the second sample image is encoded
as a corresponding feature vector. The computer device obtains a sample fusion feature based on the
sample attribute parameter and the encoding feature of the second sample image, and injects the
sample fusion feature into the decoder in the initialized face swapping model. The decoder may
restore an image corresponding to the injected feature based on the injected feature. The computer
device decodes the sample fusion image through the decoder to obtain a sample face-swapped
image. For example, the encoder may perform a deconvolution operation according to an operation

principle of the encoder to restore an image corresponding to the sample fusion feature.
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[0108] The computer device acquires a third similarity through a multi-scale discriminator,
acquires a first similarity and a second similarity based on an extracted face feature and an extracted
attribute parameter of the sample face-swapped image, and calculates a total loss based on the first
similarity, the second similarity, and the third similarity to optimize a model parameter according to
the total loss. The computer device performs iterative training through the above process and stops
the training until a target condition is met, to obtain a face swapping model that can replace a face

in any image with the exclusive target face.

[0109] FIG. 4 is a signaling interaction diagram of an image processing method according to
an embodiment of this application. As shown in FIG. 4, the image processing method may be
realized through interaction between a server and a terminal. An interaction process of the image

processing method may be obtained with reference to step 401 to step 410.

[0110] Step 401: The terminal displays an application page of a target application, the
application page including a target trigger control, the target trigger control being configured to

trigger a face swapping request for a face to-be-swapped image.

[0111] The target application may provide a face swapping function. The face swapping
function may be a function of swapping a face in the face to-be-swapped image for an exclusive
target face. The target trigger control may be provided on the application page of the target
application. The terminal may transmit a face swapping request to the server based on a trigger
operation of an object on the target trigger control. For example, the target application may be an
image processing application, a live streaming application, a photo tool, a video editing application,
or the like. The server may be a back-end server for the target application, or the server may be any
computer device used for providing a face swapping function, such as a cloud computing center

device provided with a face swapping model.

[0112] Step 402: The terminal acquires the face to-be-swapped image in response to
receiving a trigger operation for the target trigger control on the application page, and transmits a

face swapping request to the server based on the face to-be-swapped image.

[0113] In some embodiments, the target application may provide a face swapping function
for a single image. For example, the target application may be an image processing application, a
live streaming application, a social application, or the like. The face to-be-swapped image may be a
selected image acquired by the terminal from a local storage space, or an image acquired by the
terminal and obtained by shooting an object in real time. In some embodiments, the target
application may provide a function of swapping a face of each image frame included in a video. For
example, the target application may be a video editing application, a live streaming application, or
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the like. The server may wholly replace image frames including the face of the object A in the video
with the target face. The face to-be-swapped image may include each image frame in the video, or
the terminal may perform initial face detection on each image frame in the video, and take each

image frame including the face of the object A in the video as the face to-be-swapped image.
[0114] Step 403: The server receives the face swapping request transmitted by the terminal.

[0115] Step 404: The server acquires an attribute parameter of the face to-be-swapped
image, an attribute parameter of the target face, and a face feature of the target face, the attribute
parameter of the face to-be-swapped image indicating a three-dimensional attribute of the face in
the face to-be-swapped image; and determines a target attribute parameter based on the attribute
parameter of the face to-be-swapped image and the attribute parameter of the target face.

[0116] The face swapping request is used for requesting replacement of the face in the face
to-be-swapped image with the target face. The attribute parameter of the face to-be-swapped image
is used for indicating a three-dimensional attribute of the face in the face to-be-swapped image. The
server may acquire the attribute parameter of the face to-be-swapped image through a 3D face
parameter estimation model. The attribute parameter of the image includes at least one of a shape
coefficient, an expression coefficient, an angle coefficient, a texture coefficient, and an illumination
coefficient. The attribute parameter of the target face and the face feature of the target face may be
pre-stored.

[0117] In some embodiments, the server may determine the shape coefficient of the target
face and a pre-configuration parameter of the face to-be-swapped image to be the target attribute
parameter. The pre-configuration parameter includes at least one of an expression coefficient, an
angle coefficient, a texture coefficient, and an illumination coefficient. For example, the pre-
configuration parameter may include the expression coefficient and the angle coefficient.
Alternatively, the pre-configuration parameter may include the texture coefficient, the illumination
coefficient, and the like.

[0118] Step 405: The server determines a target comprehensive feature based on the target

attribute parameter and the face feature of the target face.

[0119] The server may splice the target attribute parameter and the face feature of the target

face to obtain the target comprehensive feature.

[0120] It should be noted that the server may be provided with a trained face swapping
model. The server may perform a process from step 404 to step 405 through the face swapping

model. The face swapping model is obtained by training based on step 201 to step 208. The server
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may fixedly store the face feature and the attribute parameter of the target face, for example, to a
target address in the training of the face swapping model. When performing step 404 and step 405,
the server may extract the attribute parameter of the target face from the target address and perform
step 404, and the server extracts the face feature of the target face from the target address and
perform step 405. The server may perform a process from step 406 to step 408 through the face

swapping model.

[0121] Step 406: The server encodes the face to-be-swapped image to obtain an image

encoding feature of the face to-be-swapped image.

[0122] Step 407: Migrate the target comprehensive feature to the image encoding feature of

the face to-be-swapped image by normalization, to obtain a fusion encoding feature.

[0123] In a possible implementation, the computer device may align a mean and a standard
deviation of the image encoding feature with the target comprehensive feature. Step 407 may be
implemented through the following technical solution: The server acquires a first mean and a first
standard deviation of the image encoding feature in at least one feature channel to take a normal
distribution conforming to the first mean and the first standard deviation as a first feature
distribution, and acquires a second mean and a second standard deviation of the target
comprehensive feature in the at least one feature channel to take a normal distribution conforming
to the second mean and the second standard deviation as a second feature distribution. The server
aligns the image encoding feature from the first feature distribution to the second feature
distribution to obtain the fusion encoding feature. Specifically, the server maps the image encoding
feature to cause the mean and the standard deviation of the image encoding feature in each feature
channel to be aligned with the mean and the standard deviation of the target comprehensive feature
in the corresponding feature channel, so as to obtain the fusion encoding feature. For example, the

server may also calculate the fusion encoding feature by using the formula (1) in step 205.

[0124] Step 408: The server decodes the fusion encoding feature to obtain a target face-
swapped image including a fusion face, the fusion face being a fusion of the face in the face to-be-

swapped image and the target face.

[0125] An implementation manner in which the server performs step 403 to step 408 to
obtain the target face-swapped image is similar to the implementation manner in which the
computer device performs step 201 to step 206 to obtain the sample face-swapped image. Details

are not described herein again.

[0126] Step 409: The server returns the target face-swapped image to the terminal.
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[0127] When the face to-be-swapped image is a single image, the server may return a target
face-swapped image corresponding to the single face to-be-swapped image to the terminal. When
the face to-be-swapped image is a plurality of image frames included in a video, the server may
generate, for each face to-be-swapped image frame in the video, a target face-swapped image
corresponding to the face to-be-swapped image frame through step 403 to step 408. The server may
return a face-swapped video corresponding to the video to the terminal. The face-swapped video

includes the target face-swapped image corresponding to each image frame.

[0128] Step 410: The terminal receives the target face-swapped image returned by the

server, and displays the target face-swapped image.

[0129] The terminal may display the target face-swapped image on the application page.
Alternatively, the terminal may play each target face-swapped image in the face-swapped video on

the application page.

[0130] In the image processing method according to this embodiment of this application, the
attribute parameter of the face to-be-swapped image is acquired, the attribute parameter being used
for indicating a three-dimensional attribute feature of a face in an image, and the target attribute
parameter is determined based on the attribute parameter of the face to-be-swapped image and the
attribute parameter of the target face, so as to position a three-dimensional attribute feature of a face
in an image expected to be generated. Moreover, the target comprehensive feature that can
comprehensively represent the face to-be-swapped image and the target face is obtained based on
the target attribute parameter and the face feature of the target face. The face to-be-swapped image
is encoded to obtain the image encoding feature of the face to-be-swapped image, so as to obtain a
pixel-level refined feature of the face to-be-swapped image through the image encoding feature.
Further, the target comprehensive feature is migrated to the image encoding feature of the face to-
be-swapped image by normalization to obtain a fusion encoding feature. In this application, the
encoding feature refined to the pixel level and the global comprehensive feature are mixed, and
feature distribution of the image encoding feature is aligned with the target comprehensive feature,
so as to improve accuracy of the generated fusion encoding feature. The fusion encoding feature is
decoded to obtain the target face-swapped image including the fusion face, and a decoded image
can be refined to each pixel to show the target comprehensive feature, so that sense organs of a
fusion face in the decoded image are closer to the target face, which improves a similarity between
the fusion face and the target face in terms of sense organs, thereby improving accuracy of face

swapping.
[0131] FIG. 5 is a schematic structural diagram of an image processing apparatus according
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to an embodiment of this application. As shown in FIG. 5, the apparatus includes: an attribute
parameter acquisition module 501 configured to receive a face swapping request, the face swapping
request being used for requesting replacement of a face in a face to-be-swapped image with a target
face; a target attribute parameter determination module 502 configured to acquire an attribute
parameter of the face to-be-swapped image, an attribute parameter of the target face, and a face
feature of the target face, the attribute parameter of the face to-be-swapped image indicating a three-
dimensional attribute of the face in the face to-be-swapped image; and determine a target attribute
parameter based on the attribute parameter of the face to-be-swapped image and the attribute
parameter of the target face; a comprehensive feature determination module 503 configured to
determine a target comprehensive feature based on the target attribute parameter and the face
feature of the target face; an encoding module 504 configured to encode the face to-be-swapped
image to obtain an image encoding feature of the face to-be-swapped image; a migration module
505 configured to migrate the target comprehensive feature to the image encoding feature of the
face to-be-swapped image by normalization to obtain a fusion encoding feature; and a decoding
module 506 configured to decode the fusion encoding feature to obtain a target face-swapped image
including a fusion face, the fusion face being a fusion of the face in the face to-be-swapped image

and the target face.

[0132] In some embodiments, the attribute parameter of the target face is a shape
coefficient, and the attribute parameter of the face to-be-swapped image is a pre-configuration
parameter. The target attribute parameter determination module is configured to determine the shape
coefficient of the target face and the pre-configuration parameter of the face to-be-swapped image
to be the target attribute parameter. The pre-configuration parameter includes at least one of an

expression coefficient, an angle coefficient, a texture coefficient, and an illumination coefficient.

[0133] In some embodiments, the migration module is configured to: acquire a first mean
and a first standard deviation of the image encoding feature in at least one feature channel to take a
normal distribution conforming to the first mean and the first standard deviation as a first feature
distribution, and acquire a second mean and a second standard deviation of the target
comprehensive feature in the at least one feature channel to take a normal distribution conforming
to the second mean and the second standard deviation as a second feature distribution; and align the
image encoding feature from the first feature distribution to the second feature distribution to obtain

the fusion encoding feature.

[0134] In some embodiments, the target face-swapped image is obtained by invoking a

trained face swapping model. The face swapping model is configured to swap the target face to any
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face image based on attribute data and the face feature of the target face. The apparatus further
includes a model training module. The model training module includes: an acquisition unit
configured to acquire a face feature and an attribute parameter of a first sample image, and acquire
an attribute parameter of a second sample image, the first sample image including the target face,
the second sample image including a face to be replaced; a sample attribute parameter
determination unit configured to determine a sample attribute parameter based on the attribute
parameter of the first sample image and the attribute parameter of the second sample image, the
sample attribute parameter being used for indicating an expected attribute of a face in a sample
face-swapped image to be generated; and a sample comprehensive feature acquisition unit
configured to determine a sample comprehensive feature based on the sample attribute parameter
and the face feature of the first sample image; an encoding unit configured to encode the second
sample image to obtain a sample encoding feature; a migration unit configured to migrate the
sample comprehensive feature to the sample encoding feature of the second sample image by
normalization to obtain a sample fusion feature; a decoding unit configured to decode the sample
fusion feature to obtain a sample face-swapped image; and a training unit configured to determine a
total loss of the initialized face swapping model based on a first difference between the sample face-
swapped image and the sample attribute parameter, a second difference between a face feature of
the sample face-swapped image and the face feature of the first sample image, and a third difference
between the sample face-swapped image and the second sample image; and train the initialized face
swapping model based on the total loss until a target condition is met, and take a model obtained in

response to the target condition being met as the face swapping model.

[0135] In some embodiments, the training unit is further configured to: acquire a first
similarity between an attribute parameter of the sample face-swapped image and the sample
attribute parameter, and take the first similarity as the first difference; acquire a second similarity
between the face feature of the sample face-swapped image and the face feature of the first sample
image, and take the second similarity as the second difference; and acquire a third similarity
between the second sample image and the sample face-swapped image, and take the third similarity
as the third difference.

[0136] In some embodiments, the training unit is further configured to: acquire first scale
images of the second sample image in at least one scale and second scale images of the sample face-
swapped image in the at least one scale; take the second sample image as a real image; acquire a
discrimination probability corresponding to each of the first scale images, and acquire a
discrimination probability corresponding to each of the second scale images, a discrimination
probability of an image being used for indicating a probability of determining the image to be the
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real image, the image being the first scale image or the second scale image; and determine the third
similarity based on the discrimination probability corresponding to each of the first scale images

and the discrimination probability corresponding to each of the second scale images.

[0137] In some embodiments, the acquisition unit is further configured to: acquire at least
two pose images, and take the at least two pose images as the first sample image, the at least two
pose images including at least two face poses of the target face; acquire face features and attribute
parameters corresponding to the at least two face poses based on the at least two pose images; and
take a mean of the face features corresponding to the at least two face poses as the face feature of
the first sample image, and take a mean of the attribute parameters corresponding to the at least two

face poses as the attribute parameter of the first sample image.

[0138] Correspondingly, the apparatus further includes a storage unit. The storage unit is

configured to store the face feature and the attribute parameter of the first sample image.

[0139] In some embodiments, the acquisition unit is further configured to: perform face
recognition on at least two image frames included in a video of a target object to obtain at least two
image frames including the target face, the target face being a face of the target object; and perform

face cropping on the at least two image frames to obtain the at least two pose images.

[0140] In the image processing apparatus according to this embodiment of this application,
the attribute parameter of the face to-be-swapped image is acquired, the attribute parameter being
used for indicating a three-dimensional attribute feature of a face in an image, and the target
attribute parameter is determined based on the attribute parameter of the face to-be-swapped image
and the attribute parameter of the target face, so as to position a three-dimensional attribute feature
of a face in an image expected to be generated. Moreover, the target comprehensive feature that can
comprehensively represent the face to-be-swapped image and the target face is obtained based on
the target attribute parameter and the face feature of the target face. The face to-be-swapped image
is encoded to obtain the image encoding feature of the face to-be-swapped image, so as to obtain a
pixel-level refined feature of the face to-be-swapped image through the image encoding feature.
Further, the target comprehensive feature is migrated to the image encoding feature of the face to-
be-swapped image by normalization to obtain a fusion encoding feature. In this application, the
encoding feature refined to the pixel level and the global comprehensive feature are mixed, and
feature distribution of the image encoding feature is aligned with the target comprehensive feature,
thereby improving accuracy of the generated fusion encoding feature. The fusion encoding feature
is decoded to obtain the target face-swapped image including the fusion face, and a decoded image
can be refined to each pixel to show the target comprehensive feature, so that sense organs of a

28



fusion face in the decoded image are closer to the target face, which improves a similarity between
the fusion face and the target face in terms of sense organs, thereby improving accuracy of face

swapping.

[0141] The apparatuses in the embodiments of this application may perform the image
processing methods according to the embodiments of this application, which are similar in
implementation principle. The operations performed by the modules in the apparatuses in the
embodiments of this application correspond to the steps in the image processing methods according
to the embodiments of this application. Detailed function descriptions of the modules of the
apparatuses may be specifically obtained with reference to the descriptions in the corresponding

image processing methods hereinabove. Details are not described herein again.

[0142] FIG. 6 is a schematic structural diagram of a computer device according to an
embodiment of this application. As shown in FIG. 6, the computer device includes: a memory, a
processor, and a computer program stored in the memory, the processor executing the above

computer program to implement the steps of the image processing method.

[0143] In the image processing apparatus according to this embodiment of this application,
the attribute parameter of the face to-be-swapped image is acquired, the attribute parameter being
used for indicating a three-dimensional attribute feature of a face in an image, and the target
attribute parameter is determined based on the attribute parameter of the face to-be-swapped image
and the attribute parameter of the target face, so as to position a three-dimensional attribute feature
of a face in an image expected to be generated. Moreover, the target comprehensive feature that can
comprehensively represent the face to-be-swapped image and the target face is obtained based on
the target attribute parameter and the face feature of the target face. The face to-be-swapped image
is encoded to obtain the image encoding feature of the face to-be-swapped image, so as to obtain a
pixel-level refined feature of the face to-be-swapped image through the image encoding feature.
Further, the target comprehensive feature is migrated to the image encoding feature of the face to-
be-swapped image by normalization to obtain a fusion encoding feature. In this application, the
encoding feature refined to the pixel level and the global comprehensive feature are mixed, and
feature distribution of the image encoding feature is aligned with the target comprehensive feature,
S0 as to improve accuracy of the generated fusion encoding feature. The fusion encoding feature is
decoded to obtain the target face-swapped image including the fusion face, and a decoded image
can be refined to each pixel to show the target comprehensive feature, so that sense organs of a
fusion face in the decoded image are closer to the target face, which improves a similarity between

the fusion face and the target face in terms of sense organs, thereby improving accuracy of face
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swapping.

[0144] In an exemplary embodiment, a computer device is provided. As shown in FIG. 6, a
computer device 600 shown in FIG. 6 includes: a processor 601 and a memory 603. The processor
601 and the memory 603 are connected, for example, are connected by a bus 602. Optionally, the
computer device 600 may further include a transceiver 604. The transceiver 604 may be configured
for data exchange between the computer device and another computer device, such as data
transmission and/or data receiving. It should be noted that during actual application, there may be
one or more transceivers 604. The structure of the computer device 600 does not constitute a

limitation on this embodiment of this application.

[0145] The processor 601 may be a central processing unit (CPU), a general-purpose
processor, a data signal processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or another programmable logic device, a transistor logic device, a
hardware component, or any combination thereof. The processor may implement or perform various
examples of logic blocks, modules, and circuits described with reference to content disclosed in this
application. The processor 601 may also be a combination that implements computing functions, for
example, including a combination of one or more microprocessors or a combination of a DSP and a

MiCroprocessor.

[0146] The bus 602 may include a channel, to transmit information between the foregoing
components. The bus 602 may be a peripheral component interconnect (PCI) bus, an extended
industry standard architecture (EISA) bus, or the like. The bus 602 may be classified into an address
bus, a data bus, a control bus, and the like. For ease of description, the bus in FIG. 6 is represented

by using only one bold line, but this does not indicate that there is only one bus or one type of bus.

[0147] The memory 603 may be a read-only memory (ROM) or another type of static
storage device capable of storing static information and instructions, a random access memory
(RAM) or another type of dynamic storage device capable of storing information and instructions,
or may be an electrically erasable programmable read-only memory (EEPROM), a compact disc
read-only memory (CD-ROM), or other compact disc storage or optical disc storage (including a
compressed optical disc, a laser disc, an optical disc, a digital universal optical disc, a blue-ray
optical disc, and the like), a magnetic disk storage medium\another magnetic storage device, or any
other medium capable of carrying or storing a computer program and being read by a computer, but
is not limited thereto.

[0148] The memory 603 is configured to store the computer program for performing the
embodiment of this application, and is executed under control of the processor 601. The processor
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601 is configured to execute the computer program stored in the memory 603 to implement the step

shown in the foregoing method embodiments.

[0149] The computer device includes, but is not limited to, a server, a cloud computing

center device, and the like.

[0150] An embodiment of this application provides a computer-readable storage medium,
storing a computer program, the computer program, when executed by a processor, implementing

the steps and corresponding contents shown in the foregoing method embodiments.

[0151] An embodiment of this application provides a computer program product, including
a computer program, the computer program, when executed by a processor, implementing the steps
and corresponding contents shown in the foregoing method embodiments.

[0152] A person skilled in the art may understand that, the singular forms "a", "an", "said",
and "the" used herein may include the plural forms as well, unless the context clearly indicates
otherwise. The terms "comprise™ and "include™ used in the embodiments of this application mean
that the corresponding features may be realized as presented features, information, data, steps, and
operations, without excluding other features, information, data, steps, and operations supported by

the technical field.

[0153] The terms such as “first”, “second”, “third”, “fourth”, “1”* and “2” (if any) in the
specification and claims of this application and in the accompanying drawings are used for
distinguishing similar objects and not necessarily used for describing any particular order or
sequence. It is understood that such used data is interchangeable in proper circumstances, so that the
embodiments of this application described herein can be implemented in a sequence other than
those illustrated or described in words.

[0154] It is to be understood that, although the operation steps are indicated by arrows in the
flowcharts of the embodiments of this application, the steps are not necessarily performed in the
sequence indicated by the arrows. Unless specifically stated herein, the implementation steps in
each flowchart may be performed in other sequences as required in some implementation scenarios
of the embodiments of this application. In addition, some or all of the steps in each flowchart are
based on an actual implementation scenario and may include a plurality of sub-steps or phases.
Some or all of the sub-steps or phases may be performed at the same time. Each of the sub-steps or
phases may also be performed at a different time. In a scenario of different execution times, the
execution sequence of the sub-steps or phases can be flexibly configured as required, which is not

limited in the embodiments of this application.
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[0155] The foregoing descriptions are merely exemplary implementations of some
implementation scenarios of this application. A person of ordinary skill in the art may adopt other
similar implementation means based on the technical ideas of this application without departing
from the technical concept of the solution of this application, which also fall within the protection

scope of the embodiments of this application.
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CLAIMS

What is claimed is:

1. An image processing method, performed by a computer device, the method comprising:

receiving a face swapping request, the face swapping request being used for requesting

replacement of a face in a face to-be-swapped image with a target face;

acquiring an attribute parameter of the face to-be-swapped image, an attribute parameter of the
target face, and a face feature of the target face, the attribute parameter of the face to-be-swapped

image indicating a three-dimensional attribute of the face in the face to-be-swapped image;

determining a target attribute parameter based on the attribute parameter of the face to-be-

swapped image and the attribute parameter of the target face;

determining a target comprehensive feature based on the target attribute parameter and the face

feature of the target face;

encoding the face to-be-swapped image to obtain an image encoding feature of the face to-be-

swapped image;

migrating the target comprehensive feature to the image encoding feature of the face to-be-

swapped image by normalization, to obtain a fusion encoding feature; and

decoding the fusion encoding feature to obtain a target face-swapped image comprising a
fusion face, the fusion face being a fusion of the face in the face to-be-swapped image and the target
face.

2. The image processing method according to claim 1, wherein the attribute parameter of the
target face is a shape coefficient, and the attribute parameter of the face to-be-swapped image is a

pre-configuration parameter; and

determining the target attribute parameter based on the attribute parameter of the face to-be-

swapped image and the attribute parameter of the target face comprises:

determining the shape coefficient of the target face and the pre-configuration parameter of the
face to-be-swapped image to be the target attribute parameter, the pre-configuration parameter
comprising at least one of an expression coefficient, an angle coefficient, a texture coefficient, and

an illumination coefficient.

3. The image processing method according to claim 1, wherein migrating the target

comprehensive feature to the image encoding feature of the face to-be-swapped image by
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normalization, to obtain the fusion encoding feature comprises:

acquiring a first mean and a first standard deviation of the image encoding feature in at least
one feature channel to take a normal distribution conforming to the first mean and the first standard
deviation as a first feature distribution, and acquiring a second mean and a second standard
deviation of the target comprehensive feature in the at least one feature channel to take a normal
distribution conforming to the second mean and the second standard deviation as a second feature

distribution; and

aligning the image encoding feature from the first feature distribution to the second feature

distribution to obtain the fusion encoding feature.

4. The image processing method according to claim 1, wherein the target face-swapped image
is obtained by invoking a trained face swapping model, the face swapping model being configured
to swap the target face to any face image based on attribute data and the face feature of the target

face; and
the method further comprises:

acquiring a face feature and an attribute parameter of a first sample image, and acquiring an
attribute parameter of a second sample image, the first sample image comprising the target face, the

second sample image comprising a face to be replaced;

determining a sample attribute parameter based on the attribute parameter of the first sample
image and the attribute parameter of the second sample image, the sample attribute parameter being
used for indicating an expected attribute of a face in a sample face-swapped image to be generated;

and
performing the following processing through an initialized face swapping model:

determining a sample comprehensive feature based on the sample attribute parameter and the

face feature of the first sample image;
encoding the second sample image to obtain a sample encoding feature;

migrating the sample comprehensive feature to the sample encoding feature of the second

sample image by normalization, to obtain a sample fusion feature;
decoding the sample fusion feature to obtain a sample face-swapped image;

determining a total loss of the initialized face swapping model based on a first difference
between the sample face-swapped image and the sample attribute parameter, a second difference
between a face feature of the sample face-swapped image and the face feature of the first sample
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image, and a third difference between the sample face-swapped image and the second sample

image; and

training the initialized face swapping model based on the total loss until a target condition is
met, and taking a model obtained in response to the target condition being met as the face swapping

model.

5. The image processing method according to claim 4, further comprising: before determining
the total loss of the initialized face swapping model based on the first difference between the sample
face-swapped image and the sample attribute parameter, the second difference between the face
feature of the sample face-swapped image and the face feature of the first sample image, and the

third difference between the sample face-swapped image and the second sample image,

acquiring a first similarity between an attribute parameter of the sample face-swapped image
and the sample attribute parameter, and taking the first similarity as the first difference;

acquiring a second similarity between the face feature of the sample face-swapped image and
the face feature of the first sample image, and taking the second similarity as the second difference;

and

acquiring a third similarity between the second sample image and the sample face-swapped

image, and taking the third similarity as the third difference.

6. The image processing method according to claim 5, wherein acquiring the third similarity

between the second sample image and the sample face-swapped image comprises:

acquiring first scale images of the second sample image in at least one scale and second scale

images of the sample face-swapped image in the at least one scale;
taking the second sample image as a real image;

acquiring a discrimination probability corresponding to each of the first scale images, and
acquiring a discrimination probability corresponding to each of the second scale images, a
discrimination probability of an image being used for indicating a probability of determining the

image to be the real image, the image being the first scale image or the second scale image; and

determining the third similarity based on the discrimination probability corresponding to each
of the first scale images and the discrimination probability corresponding to each of the second

scale images.

7. The image processing method according to claim 4, wherein acquiring the face feature and

the attribute parameter of the first sample image comprises:
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acquiring at least two pose images, and taking the at least two pose images as the first sample

image, the at least two pose images comprising at least two face poses of the target face;

acquiring face features and attribute parameters corresponding to the at least two face poses

based on the at least two pose images; and

taking a mean of the face features corresponding to the at least two face poses as the face
feature of the first sample image, and taking a mean of the attribute parameters corresponding to the

at least two face poses as the attribute parameter of the first sample image; and

the method further comprises: after acquiring the face feature and the attribute parameter of the

first sample image,
storing the face feature and the attribute parameter of the first sample image.

8. The image processing method according to claim 7, wherein acquiring the at least two pose

images comprises:

performing face recognition on at least two image frames comprised in a video of a target
object to obtain at least two image frames comprising the target face, the target face being a face of

the target object; and

performing face cropping on the at least two image frames to obtain the at least two pose

images.
9. An image processing apparatus, comprising:

an attribute parameter acquisition module configured to receive a face swapping request, the
face swapping request being used for requesting replacement of a face in a face to-be-swapped

image with a target face;

a target attribute parameter determination module configured to acquire an attribute parameter
of the face to-be-swapped image, an attribute parameter of the target face, and a face feature of the
target face, the attribute parameter of the face to-be-swapped image indicating a three-dimensional
attribute of the face in the face to-be-swapped image; and determine a target attribute parameter
based on the attribute parameter of the face to-be-swapped image and the attribute parameter of the

target face;

a comprehensive feature determination module configured to determine a target

comprehensive feature based on the target attribute parameter and the face feature of the target face;

an encoding module configured to encode the face to-be-swapped image to obtain an image
encoding feature of the face to-be-swapped image;
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a migration module configured to migrate the target comprehensive feature to the image
encoding feature of the face to-be-swapped image by normalization, to obtain a fusion encoding

feature; and

a decoding module configured to decode the fusion encoding feature to obtain a target face-
swapped image comprising a fusion face, the fusion face being a fusion of the face in the face to-be-

swapped image and the target face.

10. A computer device, comprising a memory, a processor, and a computer program stored on
the memory, the processor executing the computer program to implement the image processing

method according to any one of claims 1 to 8.

11. A computer-readable storage medium, storing a computer program, the computer program,
when executed by a processor, implementing the image processing method according to any one of

claims 1 to 8.

12. A computer program product, comprising a computer program, the computer program,
when executed by a processor, implementing the image processing method according to any one of

claims 1 to 8.
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