ANIMATION DATA GENERATION METHOD AND APPARATUS,
AND RELATED PRODUCT

RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application No. 202210832558.0,
filed with the China National Intellectual Property Administration on July 15, 2022 and entitled
"ANIMATION DATA GENERATION METHOD AND APPARATUS BASED ON NEURAL
NETWORK, AND RELATED PRODUCT", which is incorporated herein by reference in its

entirety.

FIELD OF THE TECHNOLOGY

[0002] This application relates to the technical field of architecture intelligence (Al), and in

particular, to an animation data generation technology.

BACKGROUND OF THE DISCLOSURE

[0003] During game development and animation production, to enhance an experience of a
user, a flexible and realistic animation effect usually needs to be designed for motions of a virtual
object. In terms of a game scene, if motions such as running, jump, squatting, slight breathing or
swaying in an idle state, and arm lifting in a panic state during falling can be displayed with a
flexible and realistic animation effect, visual experience of a player can be enriched, and the sense

of interaction of the player in the game can be improved.

[0004] In order to create an animation of a virtual object with different motions, a motion
matching technology is provided in the related art. Through the motion matching technology, an
animation frame with a largest degree of matching can be selected from massive animations for

playback, thereby obtaining the animation of the virtual object with different motions.

[0005] However, to drive animation data, during running of the motion matching technology,
massive data needs to be stored in an internal memory, and motion matching needs to be performed
in the massive data. A large internal memory is occupied, and query performance is poor. The

problem limits the development of the motion matching technology in an animation engine.
[0006] SUMMARY

[0007] Embodiments of this application provide an animation data generation method and

apparatus, and a related product, to generate animation data with small internal memory occupation.



[0008] A first aspect of this application provides an animation data generation method. The
animation data generation method is performed by an animation data generation device, and

includes:

[0009] generating a query feature of a virtual object in a virtual scene based on running data
of the virtual scene, the query feature including a trajectory feature and a bone feature of the virtual

object;

[0010] increasing a feature dimension of the virtual object through a feature generation
network in a neural network based on the trajectory feature and the bone feature of the virtual object,
to obtain a combined feature of the virtual object, the neural network being obtained through

pre-training; and

[0011] generating animation data of the virtual object through an animation generation

network in the neural network based on the combined feature of the virtual object.

[0012] A second aspect of this application provides an animation data generation apparatus.
The animation data generation apparatus is deployed on an animation data generation device, and

includes:

[0013] a query feature generation unit, configured to generate a query feature of a virtual
object in a virtual scene based on running data of the virtual scene, the query feature including a

trajectory feature and a bone feature of the virtual object;

[0014] a combined feature generation unit, configured to increase a feature dimension of the
virtual object through a feature generation network in a neural network based on the trajectory
feature and the bone feature of the virtual object, to obtain a combined feature of the virtual object,

the neural network being obtained through pre-training; and

[0015] an animation data generation unit, configured to generate animation data of the
virtual object through an animation generation network in the neural network based on the

combined feature of the virtual object.

[0016] A third aspect of this application provides an animation data generation device,

including a processor and a memory,

[0017] the memory being configured to store a computer program, and transmit the

computer program to the processor; and

[0018] the processor being configured to perform the operations of the animation data

generation method described in the first aspect based on instructions in the computer program.



[0019] A fourth aspect of this application provides a computer-readable storage medium,
configured to store a computer program, the computer program, when executed by an animation
data generation device, implementing the operations of the animation data generation method

described in the first aspect.

[0020] A fifth aspect of this application provides a computer program product, including a
computer program, the computer program, when executed by an animation data generation device,

implementing the operations of the animation data generation method described in the first aspect.

[0021] It may be learned from the above technical solutions that the embodiments of this

application have the following advantages:

[0022] In the technical solutions of this application, the trajectory feature and the bone
feature of the virtual object in the virtual scene are obtained as the query feature, and the animation
data of the virtual object is generated through the pre-trained neural network based on the trajectory
feature and the bone feature. Since the pre-trained neural network has functions of increasing the
feature dimension of the virtual object based on the query feature and generating the animation data
of the virtual object based on a high-dimensional feature, an animation data generation requirement
can be satisfied. In addition, the use of the neural network omits storage of massive data into an
internal memory and query of the massive data for a matched animation during generation of the
animation data existing in a conventional motion matching technology. The use of the neural
network only requires pre-storage of weight data related to the neural network. Therefore,
implementation of the entire solution occupies only a small internal memory, and omits real-time
query of massive data, thereby avoiding problems such as large internal memory occupation and
poor query performance during generation of the animation data. In addition, since the internal
memory occupation is reduced and required queries are reduced, for example, in a game scene, a
game runs more smoothly, and more storage space can be used for other purposes, thereby
improving performance of the game in other aspects, for example, improving game picture quality.

In this way, gaming experience of a player is improved.
BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a schematic diagram of an animation state machine.

[0024] FIG. 2 is an architecture diagram of a scenario for implementing an animation data

generation method according to an embodiment of this application.

[0025] FIG. 3 is a flowchart of an animation data generation method according to an

embodiment of this application.



[0026] FIG. 4 is a schematic structural diagram of a neural network according to an

embodiment of this application.

[0027] FIG. 5A is a schematic structural diagram of another neural network according to an

embodiment of this application.

[0028] FIG. 5B is a flowchart of another animation data generation method according to an

embodiment of this application.

[0029] FIG. 6 is a schematic structural diagram of a feature generation network according to

an embodiment of this application.

[0030] FIG. 7 is a schematic structural diagram of a feature updating network according to

an embodiment of this application.

[0031] FIG. 8 is a schematic structural diagram of an animation generation network

according to an embodiment of this application.

[0032] FIG. 9A is a flowchart of training a neural network according to an embodiment of

this application.

[0033] FIG. 9B is a schematic diagram of a root bone trajectory before noise reduction

according to an embodiment of this application.

[0034] FIG. 9C is a schematic diagram of a root bone trajectory after noise reduction

according to an embodiment of this application.

[0035] FIG. 10A is a schematic structural diagram of a deep learning network that can

extract an auxiliary query feature according to an embodiment of this application.

[0036] FIG. 10B is a schematic diagram of animation effects respectively obtained by using
a conventional motion matching method and an animation data generation method according to an

embodiment of this application.

[0037] FIG. 11 is a schematic structural diagram of an animation data generation apparatus

according to an embodiment of this application.

[0038] FIG. 12 is a schematic structural diagram of another animation data generation

apparatus according to an embodiment of this application.

[0039] FIG. 13 is a schematic structural diagram of a server according to an embodiment of

this application.



[0040] FIG. 14 is a schematic structural diagram of a terminal device according to an

embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0041] During animation production or game development, various complex playback and
conversion control logics of animations may be controlled through design of a state machine. FIG. 1
is a schematic diagram of an animation state machine. In the state machine shown in FIG. 1, defend,
upset, victory, and idle represent four different animations, and bidirectional arrows among the four
animations represent switching between the animations. During game development or animation
production, if an animation is generated in a conventional manner of using the state machine, when
a motion of a virtual object is relatively complex, a design amount of the state machine is very large,
and subsequent updating and maintenance are very difficult, which requires a large amount of time

and easily causes a fault.

[0042] In view of the above, a motion matching technology is generated. The motion
matching technology resolves problems of a large design amount of the animation state machine, a
complex logic, and inconvenient maintenance. However, the motion matching technology requires
pre-storage of massive animation data for querying and matching. Therefore, a large internal

memory is occupied, which causes poor storage and query performance.

[0043] In view of the above problems, an animation data generation method and apparatus,
and a relevant product are provided in this application. When an animation of a virtual object needs
to be generated, animation data of the virtual object may be generated by using a pre-trained neural
network based on an obtained query feature (a trajectory feature and a bone feature) of the virtual
object. Compared to an implementation of pre-storing massive animation data for querying and
matching to obtain an animation effect of the virtual object, the neural network can improve storage
and query performance because weight data of the neural network occupies only a small internal
memory. The advantage enables the solutions in embodiments of this application to achieve more

desirable application and development in an animation engine.

[0044] The animation data generation method provided in the embodiments of this
application mainly involves an artificial intelligence (AI) technology, and in particular, involves
machine learning in the Al technology. The problems of the motion matching technology regarding
storage and query performance in animation production and movie production are resolved by using

a neural network trained through machine learning.



[0045] A plurality of terms that may be involved in the following embodiments of this

application are described first.
[0046] 1) Machine learning

[0047] It is an interdisciplinary field, involving a plurality of disciplines such as the theory
of probability, statistics, the approximation theory, convex analysis, and the theory of algorithm
complexity. The machine learning specializes in how a computer simulates or realizes learning
behaviors of humans to obtain new knowledge or skills, and reorganizes existing knowledge
structures to keep improving performance thereof. The machine learning is the core of Al, and is a
branch of the Al. The machine learning is a fundamental way to make computers intelligent, which
is applied to all fields of the Al. The machine learning and deep learning generally include
technologies such as an artificial neural network, a confidence network, reinforcement learning,
transfer learning, inductive learning, and learning from demonstration. A research history of the Al
has a coherent and clear line focusing on "reasoning" and then on "knowledge" and then on
"learning". Apparently, the machine learning is a way for implementing the Al. To be specific, a

problem in the Al is resolved through the machine learning.
[0048] 2) Neural network

[0049] An artificial neural network is referred to as a neural network for short, which is a
mathematical model or a computing model that imitates a structure and a function of a biological
neural network in the fields of machine learning and cognitive science, which is configured to
perform function estimation or approximation. The neural network is composed of a large quantity
of artificial neurons connected for computation. In most cases, an internal structure of the artificial
neural network may be changed based on external information. The artificial neural network is an

adaptive system. Popularly speaking, the artificial neural network has a learning function.
[0050] 3) Motion capturing

[0051] Motion capturing is also referred to as dynamic capturing, which is a technology of
recording and processing a motion of a human or another object. The motion capturing is widely
applied to many fields such as entertainment, sports, medical application, computer vision, and a
robot technology. In fields such as animation production, film production, and electronic game
development, the motion capturing usually means recording a motion of a human actor, converting
the motion to a digital model motion, and generating a two-dimensional or three-dimensional
computer animation. When used for capturing micromotions of a face or a finger, the motion

capturing is usually referred to as performance capturing.



[0052] 4) Virtual scene

[0053] It is a virtual scene displayed (or provided) when an application runs in a terminal.
The virtual scene may be a simulated scene of the real world, or may be a semi-simulated and
semi-fabricated scene, or may be a completely fabricated three-dimensional scene. The virtual scene
may be any one of a two-dimensional virtual scene, a 2.5-dimensional virtual scene, or a
three-dimensional virtual scene. In the following embodiments, a description is provided by using
an example in which the virtual scene is the three-dimensional virtual scene, but this application is
not limited thereto. In a possible implementation, the virtual scene is further used for a virtual scene
battle between at least two virtual objects. The virtual scene may be, for example, a game scene, a
virtual reality scene, or an extended reality (XR) scene, which is not limited in the embodiments of

this application.
[0054] 5) Virtual object

[0055] It is a movable object in a virtual scene. The movable object may be at least one of a
virtual character, a virtual animal, or a cartoon character. In a possible implementation, when the
virtual scene is a three-dimensional virtual scene, the virtual object may be a three-dimensional
model created based on an animation bone technology. Each virtual object has a shape and a
volume of the virtual object in the three-dimensional virtual scene, and occupies a partial space in

the three-dimensional virtual scene.

[0056] The animation data generation method provided in the embodiments of this
application may be performed by an animation data generation device. The animation data
generation device may be, for example, a terminal device. To be specific, in the terminal device, a
query feature is generated and animation data is generated based on a pre-trained neural network. In
an example, the terminal device may specifically include but is not limited to a mobile phone, a
computer, an intelligent voice interaction device, a smart home appliance, an on-board terminal, and
an aircraft. The embodiments of the present disclosure are applicable to various scenarios, including
but not limited to a cloud technology, Al, digital human, virtual human, gaming, virtual reality, and
XR. In addition, the above animation data generation device may alternatively be a server. To be
specific, in the server, a query feature may be created and animation data may be generated based

on a pre-trained neural network.

[0057] In some other implementations, the animation data generation method provided in
the embodiments of this application may alternatively be jointly implemented through the terminal
device and the server. FIG. 2 is an architecture diagram of a scenario for implementing an animation

data generation method according to an embodiment of this application. For ease of understanding

7



of the technical solution provided in this embodiment of this application, an implementation
scenario of the solution is described below with reference to FIG. 2. In the implementation scenario,
a terminal device and a server are involved. For example, running data of a virtual scene may be
extracted in the terminal device to generate a query feature of a virtual object in the virtual scene,
weight data of a neural network may be retrieved from the server, and animation data of the virtual
object may be generated in the terminal device based on the neural network. In addition, the query
feature of the virtual object in the virtual scene may be generated in the server based on the running
data of the virtual scene, the query feature may be transmitted to the terminal device, and then the
animation data is generated in the terminal device by using the neural network. An implementation
body for performing the technical solutions of this application is not limited in this embodiment of

this application.

[0058] The server shown in FIG. 2 may be an independent physical server, or may be a
server cluster composed of a plurality of physical servers or a distributed system. In addition, the
server may alternatively be a cloud server 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 CDN, a

big data platform, and an Al platform.

[0059] FIG. 3 is a flowchart of an animation data generation method according to an
embodiment of this application. A specific implementation of the method is described below by
using a terminal device as an execution body. The animation data generation method shown in FIG.

3 includes the following steps:

[0060] S301: Generate a query feature of a virtual object in a virtual scene based on running

data of the virtual scene.

[0061] A game scene is used as an example. When a player controls a virtual object, the
virtual object needs to display a corresponding animation effect based on the control of the player.
For example, the virtual object performs a walking motion. When the player controls the virtual
object to perform a squatting motion, an animation in which the virtual object performs the
squatting motion needs to be displayed in the virtual scene (that is, the game scene). Animation data
of the squatting motion needs to be generated through the technical solutions provided in this
application. In order to generate animation data of the virtual object matching an operation
objective of the player, in the technical solutions provided in this application, the query feature of
the virtual object first needs to be generated, which is used as an input of a neural network in

subsequent steps, and finally the animation data is generated.



[0062] The query feature may include a trajectory feature and a bone feature of the virtual
object. The so-called trajectory feature may be a feature in the virtual scene related to a trajectory of
the virtual object. The trajectory feature is a feature of the overall virtual object. Correspondingly,
the bone feature is a feature of an individual bone of the virtual object. For example, the trajectory
feature in the query feature may include a trajectory velocity and a trajectory direction. In addition,
the trajectory feature may further include a trajectory point position. The bone feature in the query
feature may include left-foot bone position information, left-foot bone rotation information,
right-foot bone position information, and right-foot bone rotation information. In addition, the bone

feature may further include a left-foot bone velocity and a right-foot bone velocity.

[0063] A trajectory in the trajectory feature may be a trajectory of a root joint of the virtual
object. The trajectory may be a path formed by a projection of a hip bone of the virtual object on a
ground. If the virtual object is a human-shaped character, the generation method includes projecting
hip bone information of a human-shaped bone onto the ground. In this case, a plurality of animation
frames may be connected to form the trajectory point information of the virtual object. The ground
herein may be specifically a ground in a coordinate system of the virtual scene. Bone features of
both feet are incorporated in the query feature. Since feet are an important part of a human body for
representing a posture, bone information of the feet in terms of position, rotation, and the like
facilitates generation of a matched animation through the neural network. In this application, the
trajectory feature and the bone feature are used as the query feature, and the features of the virtual
object are represented as the overall bone feature and the individual bone of the virtual object. The
combination of the two types of features facilitates accurate generation of the animation data, and
ensures that a motion display effect of the virtual object is vividly depicted in the generated

animation data.

[0064] In an optional implementation of the step, the generating a query feature of a virtual
object in a virtual scene based on running data of the virtual scene may specifically include the

following steps:

[0065] extracting a motion control signal for the virtual object from the running data of the
virtual scene; and generating the trajectory feature and the bone feature of the virtual object based
on a control parameter in the motion control signal and a historical control parameter in a historical

motion control signal for the virtual object.

[0066] During game running, whether a character walks or runs mainly depends on an input
of the player. If the player expects the character to run, the player inputs a corresponding motion

control signal through a keyboard and a joystick. In this case, an animation engine calculates a



proper running velocity as the trajectory feature based on the motion control signal. The historical
control parameter in the past historical motion control signal may be used during the operation. For
example, the control parameter may include a motion type (such as running, jump, and walking). In
addition, the trajectory feature and the bone feature of the virtual object may be generated in
combination with a role attribute of the virtual object. For example, different role attributes have
different maximum velocity values and minimum velocity values. Herein, the historical motion
control signal may be a motion control signal received before a latest received motion control signal
is received. For example, the historical motion control signal may be a last motion control signal
received before the latest received motion control signal is received, or may be a motion control
signal previously received within a preset time. Through the historical control parameter in the
historical motion control signal, more precise and more real-time trajectory feature and bone feature

can be generated.

[0067] S302: Increase a feature dimension of the virtual object through a feature generation
network in the neural network based on the trajectory feature and the bone feature of the virtual

object, to obtain a combined feature of the virtual object.

[0068] FIG. 4 is a schematic structural diagram of a neural network according to an
embodiment of this application. A network structure exemplified in the figure includes the feature
generation network and an animation generation network. The feature generation network may be
configured to increase the feature dimension of the virtual object, that is, enriches a query feature
dimension of the virtual object through the feature generation network. For example, the query
feature inputted to the feature generation network includes the trajectory velocity, the trajectory
direction, the left-foot bone position information, the left-foot bone rotation information, the
right-foot bone position information, and the right-foot bone rotation information. Through
processing of the feature generation network, an outputted feature not only includes the feature
information in the inputted query feature, but also includes another auxiliary feature that facilitates
accurate generation of the animation data. A manner of obtaining the auxiliary feature is described
below in more details. For distinguishing between the inputted feature and the outputted feature in
the text, in this embodiment of this application, a feature with increased dimensions processed by
the feature generation network is referred to as a combined feature. Since the combined feature is
obtained based on the inputted trajectory feature and bone feature, it may be understood that the
combined feature outputted by the feature generation network match the query feature inputted to
the feature generation network, and may be used as the combined feature of the virtual object for

generating the animation data.
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[0069] S303: Generate animation data of the virtual object through an animation generation

network in the neural network based on the combined feature of the virtual object.

[0070] The network structure shown in FIG. 4 further includes the animation generation
network. A function of the network is to generate the animation data of the virtual object based on
the combined feature of the virtual object inputted to the network. In a practical application, a
combined feature of the virtual object in each frame of the animation engine may be used as an
input of the animation generation network, to generate animation data of the frame. Then a coherent
animation is formed in chronological order based on the animation data of the animation engine in
each frame. Therefore, based on a function requirement on the neural network, the output of the
feature generation network may be directly used as the input of the animation generation network

for training and use when the neural network needs to satisty the functional requirement.

[0071] In the animation data generation method described in this embodiment of this
application, since the pre-trained neural network has functions of increasing the feature dimension
of the virtual object based on the query feature and generating the animation data of the virtual
object based on a high-dimensional feature, an animation data generation requirement can be
satisfied. In addition, the use of the neural network omits storage of massive data into an internal
memory and query of the massive data for a matched animation during generation of the animation
data existing in a conventional motion matching technology. The use of the neural network only
requires storage of weight data related to the neural network in advance. Therefore, during the
implementation of the entire solution, only a small internal memory is occupied, thereby avoiding
problems such as large internal memory occupation and poor query performance during generation
of the animation data. Therefore, the solution in this embodiment of this application can achieve

more desirable application and development in an animation engine.

[0072] In some possible implementations, the feature generation network may not run every
frame, so as to improve performance and reduce animation jitters during running of the solution. In
other words, S302 needs to be performed under a specific condition. For example, in a case that
changes of the trajectory feature and the bone feature of the virtual object satisfy a first preset
condition, and/or a time interval from previous combined feature outputting of the feature
generation network satisfies a second preset condition, the combined feature of the virtual object is
outputted through the feature generation network based on a latest outputted trajectory feature and
bone feature of the virtual object. That is to say, in the possible implementation, running of the

feature generation network needs to satisfy a precondition. The precondition may be a condition
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related to feature changes (for example, the first preset condition), or may be a condition related to a

running time interval (for example, the second preset condition), or may be a combination thereof.

[0073] Since the feature generation network may not run every frame in some possible
implementations, to ensure an animation effect and ensure generation of a smooth animation,
another neural network structure may be used to generate the animation data in this application. FIG.
5A is a schematic structural diagram of another neural network according to an embodiment of this
application. Compared to the network structure shown in FIG. 4, the neural network shown in FIG.
5A further includes a feature updating network. In the structure shown in FIG. 5A, the output of the
feature generation network is used as an input of the feature updating network. An output of the
feature updating network is used as the input of the animation generation network. When the feature
generation network does not run, generation of a next animation frame is driven through the feature
updating network, to ensure smoothness and continuity of the animation. FIG. 5B is a flowchart of
another animation data generation method according to an embodiment of this application. A neural
network structure used in the method shown in the figure is consistent with the neural network
structure shown in FIG. 5A. To be specific, the neural network includes a feature generation

network, a feature updating network, and an animation generation network.

[0074] The animation data generation method shown in FIG. 5B includes the following
steps:
[0075] S501: Generate a query feature of a virtual object in a virtual scene based on running

data of the virtual scene.

[0076] S502: Increase a feature dimension of the virtual object through the feature
generation network in the neural network based on the trajectory feature and the bone feature of the

virtual object, to obtain a combined feature of the virtual object.

[0077] Implementations of S501 to S502 in this embodiment of this application are
substantially the same as the implementations of S301 to S302 in the above embodiment. Therefore,
for the relevant description, reference may be made to the embodiment provided above, which is

not described herein.

[0078] When the feature generation network does not run every frame, the combined feature
of the virtual object generated by the feature generation network during running may be a combined

feature of the virtual object in a current frame.
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[0079] S503: Output a combined feature of the virtual object in a next frame of the current
frame through the feature updating network in the neural network based on the combined feature of

the virtual object in the current frame outputted by the feature generation network.

[0080] S503 shows the function of the feature updating network in the neural network
shown in FIG. 5A. In an optional implementation, S503 may be implemented through outputting of
the combined feature of the virtual object in the next frame of the current frame by the feature
updating network based on the combined feature of the virtual object in the current frame outputted
by the feature generation network and a delta time of an animation engine of the virtual scene. The
delta time may a time difference between two updating of an animation logic thread of the
animation engine. Generally, the delta time is close to a game update rate. For example, if the game
update rate is 60 frames per second, the delta time is 1/60 seconds. In other words, in this
embodiment of this application, the feature updating network can obtain the combined feature of the
same dimension of the virtual object in the next frame based on the combined feature of the current
frame. In other words, the feature updating network implements updating of the combined features
of the virtual object between a preceding frame and a succeeding frame that are adjacent. The
feature updating network updates the combined feature in the succeeding frame based on the
combined feature in the preceding frame. In this way, coherence and smoothness of subsequent
animation data outputted by the animation generation network can be implemented through the
function of the feature updating network when the feature generation network does not work in real

time.

[0081] S504: Generate the animation data of the virtual object through the animation
generation network in the neural network based on the combined feature of the virtual object in the

next frame of the current frame.

[0082] Different from the process shown in FIG. 3, in S504 in this embodiment of this
application, since the output of the feature updating network is used as an input of the animation
generation network, the animation generation network directly generates the animation data based

on the combined feature in the next frame inputted therein and outputs the animation data.

[0083] In this embodiment of this application, the feature generation network does not run
every frame, so as to improve performance and reduce animation jitters during running of the
solution. In addition, through the feature updating network, coherence and smoothness of the

animation can be ensured even if the feature generation network does not run every frame.

[0084] FIG. 6 is a schematic structural diagram of a feature generation network according to

an embodiment of this application. FIG. 7 is a schematic structural diagram of a feature updating
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network according to an embodiment of this application. FIG. 8 is a schematic structural diagram of
an animation generation network according to an embodiment of this application. In the examples
shown in FIG. 6 to FIG. 8, a structure of the feature generation network is a fully connected
network with six layers that include four hidden layers, and a quantity of units in each hidden layer
is 512. A structure of the feature updating network is a fully connected network with four layers that
include two hidden layers, and a quantity of units in each hidden layer is 512. A structure of the
animation generation network is a fully connected network with three layers that include one hidden
layer. A quantity of units in each hidden layer is 512. In other implementations, the above three
networks each may include another quantity of hidden layers or include a hidden layer including
another quantity of units. Therefore, the network structure with the 6+4+2 layers and the 512 units
in the neural network are merely used as an implementation, but this application is not limited

thereto.

[0085] In the above method embodiments, the neural network configured to generate the
animation data of the virtual object based on the query feature is described, and the structure thereof
is exemplarily described. A neural network training method for the network structure shown in FIG.
5A is described below with reference to FIG. 9A. FIG. 9A is a flowchart of training a neural
network according to an embodiment of this application. As shown in FIG. 9A, the training of the

neural network includes the following steps:
[0086] S901: Obtain motion capturing data of a real scene.

[0087] An objective of obtaining the motion capturing data of the real scene is to train the
neural network. A motion capturing technology has been described above, which is a relatively
mature technology currently applied to fields such as film production, animation production, and
game development. In this embodiment of this application, motion capturing data of a human body
in the real scene is obtained through the technology. In an example, to improve accuracy of training,

the step may be implemented in the following manner:

[0088] A motion capturing route and a plurality of preset motions that need to be captured
are designed. When a motion body (which is usually a human, for example, a cast, or may be an
animal) moves based on a preset motion capturing route and performs a preset motion in the real
scene, motion capturing is performed on the motion body, to obtain initial motion capturing data.
The initial motion capturing data is processed in at least one of the following preprocessing
manners, to obtain processed motion capturing data: noise reduction, data extension, or generation
of data in a coordinate system of an animation engine adapting to the virtual scene. The processed

motion capturing data usually may be directly applied to subsequent S902.
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[0089] The initial motion capturing data is preprocessed through at least one of noise
reduction or data extension. Since quality of the motion capturing data can be improved through
noise reduction, and an amount of motion capturing data can be increased through data extension,
massive data is provided for training the neural network. Therefore, a training effect can be

improved in the above preprocessing manners.

[0090] In some scenarios, a collection device configured to collect the motion capturing
data may has signal noise. In order to avoid noise in the captured data that affects the training effect
of the neural network, noise reduction may be performed on the initial motion capturing data. For
example, the initial motion capturing data may be processed through filtering by using a
Savitzky-Golay (SG) filter. For a position of a bone root node of motion capturing data of each
frame, least squares fitting is performed on data of preceding N frames and succeeding N frames,
that is, data of a total of 2N+1 frames. The least squares method requires that a squared difference
of the data be as small as possible. Then, a value for a current frame is selected from the fitted curve
as a fitting result. Selection of a value of N is related to a quantity of frames of an animation and a
data change between the frames of the animation. If the animation has a relatively large quantity of
frames and the few changes exist between the frames, N needs to be larger to successfully and
smoothly achieve noise reduction. Generally, a larger N indicates a stronger noise reduction effect.
In an example, N=50. In a practical application, filtering may be performed in another manner, and
the SG filter is merely used as an implementation example. Through filtering, a trajectory curve in
the motion capturing data is smoother, and disturbances are reduced. FIG. 9B and FIG. 9C are
schematic diagrams of a root bone trajectory before and after noise reduction according to an
embodiment of this application. It can be easily found with reference to FIG. 9B and FIG. 9C that
after the noise reduction, the motion capturing data obtained by using the root bone trajectory as an

example has reduced noise and a smoother trajectory.

[0091] In some scenarios, an amount of the initial motion capturing data is relatively small.
In order to improve performance of the neural network trained subsequently, the initial motion
capturing data may be extended. An extension manner may include performing the data extension
on the initial motion capturing data through a mirroring method, and/or performing the data
extension on the initial motion capturing data in a timeline zooming manner. In an example, through
the mirroring method, left walking can be mirrored to right walking and right walking can be
mirrored to left walking during motion capturing, thereby increasing a data amount in each mode.
In the animation data, data of only one walk of the motion body may be captured. For example,
current data indicates that a left foot moves forward first and then a right foot moves forward. In
order to extend a dataset, for example, the data indicates that the right foot moves forward first and
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then the left foot follows forward, the mirroring method needs to be used for extension. The data
extension in the timeline zooming manner means extending the data by increasing or reducing a
trajectory velocity. In this method, a rate in the animation data is mainly adjusted, to simulate
generation of motion capturing data at different motion velocities. For example, the initial motion
capturing data indicates a walking motion along a path up to 100 meters completed in 30 seconds. A
timeline is zoomed in, for example, the timeline is zoomed in to a timeline having a double length,
so that the initial motion capturing data indicates a walking motion along a path up to 100 meters
completed in 60 seconds. It may be learned from the above that, zooming in on the timeline means
reducing a motion velocity of an execution body corresponding to the data. Similarly, zooming out
on the timeline means increasing the motion velocity of the execution body corresponding to the
data. The timeline is zoomed out, for example, the timeline is zoomed out to a timeline having a
half length, so that the initial motion capturing data indicates a walking motion along a path up to
100 meters completed in 15 seconds. In the implementation of zooming in on the timeline, linear
interpolation is performed on an extra time. In the implementation of zooming out the timeline, the
data may be filtered regularly based on a time sequence. The extension of the motion capturing data
in the above manners provides massive data for training the neural network, which improves the

performance of the neural network.

[0092] In addition to the noise reduction and the data extension, since a difference exists
between coordinate systems of the real scene and the virtual scene, and final obtained animation
data needs to be mapped to the coordinate system of the virtual scene, data in a coordinate system
adapting to the animation engine in the virtual scene may be generated based on the initial motion
capturing data in this step. In this way, a basic database for training the neural network can be
constructed. For example, the initial motion capturing data is data in a right-hand coordinate system,
and the coordinate system of the animation engine is a left-hand coordinate system with a Z axis
facing upward. Conversion may be performed based on a coordinate system relationship, to

generate the motion capturing data in the coordinate system of the animation engine.

[0093] In other words, in a practical application, to improve the training effect, the initial
motion capturing data may be processed in at least one of the following preprocessing manners, to
obtain the processed motion capturing data: noise reduction, data extension, or generation of data in

a coordinate system of an animation engine adapting to the virtual scene.

[0094] S902: Obtain root motion data, bone posture information, and a basic query feature

of a motion body based on the motion capturing data,
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[0095] The basic query feature may include a trajectory feature and a bone feature of the
motion body. The basic query feature herein has the same type as that of a query feature that needs
to be inputted to the feature generation network after the training of the neural network is completed.
The trajectory feature in the basic query feature may be generated based on a movement direction
and a position of the motion body. The bone feature in the basic query feature may be obtained

based on motion information of both feet of the current motion body.

[0096] The root motion data and the bone posture information of the motion body obtained
based on the motion capturing data are information, other than the basic query feature, that
facilitates the training of the feature generation network and increase of a query feature dimension

obtained from the motion capturing data in this step.

[0097] S903: Extract a feature value of the motion body from the root motion data and the
bone posture information of the motion body, and use the feature value as an auxiliary query

feature.

[0098] In this embodiment of this application, S903 may be completed by another trained
deep learning network. A function of the neural network is to extract the feature value as the
auxiliary query feature. The features in this embodiment of this application, such as the query
feature, the basic query feature, the auxiliary query feature, and the combined feature, may be
represented by feature vectors. Vector representation of the auxiliary query feature may also be
referred to as an auxiliary vector. The auxiliary vector is a digit generated by the deep learning
network that performs S903. A vector dimension is consistent with the feature dimension. FIG. 10A
is a schematic structural diagram of a deep learning network that can extract an auxiliary query
feature according to an embodiment of this application. The deep learning network shown in FIG.
10A may be a fully connected network with five layers that include 3 hidden layers. A low
dimension feature vector that represents input data is gradually obtained after passing through each
hidden layer. A final output is the auxiliary vector that needs to be used together with the vector

representation of the basic query feature for training the feature generation network.

[0099] S904: Obtain a combined feature of the motion body based on the trajectory feature

of the motion body, the bone feature of the motion body, and the auxiliary query feature.

[00100] The combined feature of the motion body may be obtained based on the basic query
feature (that is, the trajectory feature of the motion body and the bone feature of the motion body)
and the auxiliary query feature. Through the auxiliary query feature, dimension increase of the
query feature can be implemented based on the basic query feature. As described above, the

function of the feature generation network is to increase the feature dimension to the query feature.
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Therefore, in this embodiment of this application, the feature generation network in the neural
network may be trained by using the basic query feature and the combined feature as a set of
training data. The basic query feature is used as an input of the feature generation network in the
training phase, and the combined feature of the motion body is used as an output result of the above

input. Reference is made to the following S905.

[00101] S905: Train the feature generation network in the neural network by using the
trajectory feature of the motion body, the bone feature of the motion body, and the combined feature

of the motion body.

[00102] In a practical application, a training ending condition may be set for the feature
generation network. For example, it is determined whether to end the training based on a training
iteration frequency and/or a loss function. Similarly, training ending conditions may be set for the
feature updating network and the animation generation network. In this embodiment of this
application, the training of the neural network is performed in sequence. The feature generation
network is trained first, then the feature updating network is trained, and finally the animation
generation network is trained. Training the above networks in such a way can ensure performance
of each network after training. For the processes of training the feature generation network and the

animation generation network in such a way, reference is made to the following S906 and S907.

[00103] S906: Train, after the feature generation network is trained, the feature updating
network in the neural network by using a combined feature in the current frame and a combined
feature of the motion body in the next frame outputted by the feature generation network, the
combined feature of the motion body in the next frame being obtained based on the motion

capturing data of the motion body.

[00104] The combined feature of the motion body in the next frame is obtained based on the
motion capturing data of the motion body. The combined feature of the motion body in the next
frame is used as an output result of the trained feature updating network. The combined feature in
the current frame outputted by the feature generation network is used as an actual input of the

trained feature updating network.

[00105] S907: Train, after the feature updating network is trained, the animation generation
network by using the root motion data and the bone posture information of the motion body and the

combined feature of the motion body in the next frame outputted by the feature generation network.

[00106] The root motion data and the bone posture information of the motion body are used

as an output result of the trained animation generation network. The combined feature of the motion
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body in the next frame outputted by the feature generation network is used as an actual input of the

trained animation generation network.

[00107] The entire neural network is trained through the above steps. The neural network can

be used in the animation data generation method provided in the embodiments of this application. In

Table 1, a storage occupation required by the conventional motion matching method for each

content is compared with a storage occupation required by the animation data generation method

provided in the embodiments of this application for each content.

[00108] Table 1
Motion matching technology Technical solutions of this
application
Animation database 43M oM
Feature database 10M oM
Network weight data oM 5SM
Total memory 53M SM
[00109] It may be learned from Table 1 that, compared to the solution of the motion matching

technology, this application can greatly reduce occupation of the storage space during generation of
the animation data, which improves storage performance. FIG. 10B is a schematic diagram of
animation effects respectively obtained by using a conventional motion matching method and an
animation data generation method according to an embodiment of this application. A human-shaped
animation on a left side is obtained through the conventional motion matching method, and a
human-shaped animation on a right side is obtained through the technical solutions of this
application. It is easily found from the animation effect figures on the left and right sides in FIG.
10B that the final animation effect obtained through the technical solutions of this application is
very close to the animation effect obtained through the motion matching method. In other words, a
relatively desirable effect is achieved, and an animation data generation requirement is satisfied.
The improvement in the storage performance achieves smoother game operation and smoother
animation viewing while ensuring the animation effect, and the improvement in the storage
performance allows more storage space for an improvement in other aspects, for example, a further
improvement in game picture quality, storage of more user game data, and enrichment data related

to a virtual character or scene data. Therefore, gaming experience of a player is further improved.

[00110] A practical application of the animation data generation method provided in the
embodiments of this application is described below in combination with a game scene. A game runs
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in a terminal device. A player operates the game in real time, and controls a virtual object to
perform motions such as running, jump, and dodge in the game scene through a mouse and a
keyboard. When the player presses an F key on the keyboard, based on settings of the game, the
virtual object controlled by the player needs to perform the jump motion in the virtual scene. When
the player presses a T key on the keyboard, based on the settings of the game, the virtual object
controlled by the player needs to run in the virtual scene. Through the method provided in the
embodiments of this application, the terminal device can determine a motion control intention of the
player through a control parameter and a historical control parameter in a motion control signal
inputted by the player through the mouse and/or the keyboard, and calculate a query feature of the
virtual object. After calculating the query feature of the virtual object, the terminal device
communicates with a remote server to call the neural network. After the weight data of the neural
network is called, the weight data is stored locally in the terminal device. The terminal device uses
the query feature as an input of the neural network. The neural network is pre-trained in the server
based on motion capturing data of some real scenes. Therefore, the terminal device can actually
locally store the weight data of the neural network or retrieve the weight data of the neural network
from the server and locally store the weight data of the neural network, to perform an operation
based on the input content, and finally output the animation data of the virtual object. The terminal
device renders, by using some rendering methods through the animation engine, the animation data
of the virtual object into an animation effect that can be seen by the player from the game scene
displayed on the terminal device. Based on the method described above, when the player presses the
F key on the keyboard, the virtual object controlled by the player jumps to the air in the virtual
scene displayed on a screen of the terminal device, and the animation shows that the virtual jumping
object takes a changing posture, with both feet separated by a larger distance than other postures.
Based on the method described above, when the player presses the key T on the keyboard, the
virtual object controlled by the player makes a running posture in the virtual scene displayed on the
screen of the terminal device, regularly swinging both arms and alternately moving legs with an
amplitude exceeding that in a walking posture. The entire process from the control performed by the
player on the terminal device to the displaying of the corresponding animation effect in the virtual
scene picture spends little time, so that displaying of another picture in the game producing is

prevented from freezing or an area mosaic effect as a result a control instruction.

[00111] FIG. 11 is a schematic structural diagram of an animation data generation apparatus
according to an embodiment of this application. As shown in FIG. 11, the animation data generation

apparatus includes:
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[00112] a query feature generation unit 111, configured to generate a query feature of a
virtual object in a virtual scene based on running data of the virtual scene, the query feature

including a trajectory feature and a bone feature of the virtual object;

[00113] a combined feature generation unit 112, configured to increase a feature dimension
of the virtual object through a feature generation network in a neural network based on the
trajectory feature and the bone feature of the virtual object, to obtain a combined feature of the

virtual object, the neural network being obtained through pre-training; and

[00114] an animation data generation unit 113, configured to generate animation data of the
virtual object through an animation generation network in the neural network based on the

combined feature of the virtual object.

[00115] Since the pre-trained neural network has functions of increasing the feature
dimension of the virtual object based on the query feature and generating the animation data of the
virtual object based on a high-dimensional feature, an animation data generation requirement can be
satisfied. In addition, the use of the neural network omits storage of massive data into an internal
memory and query of the massive data for a matched animation during generation of the animation
data existing in a conventional motion matching technology. The use of the neural network only
requires storage of weight data related to the neural network in advance. Therefore, during the
implementation of the entire solution, only a small internal memory is occupied, thereby avoiding
problems such as large internal memory occupation and poor query performance during generation

of the animation data.

[00116] FIG. 12 is a schematic structural diagram of another animation data generation
apparatus according to an embodiment of this application. In the apparatus structure exemplified in
FIG. 12, the combined feature of the virtual object is a combined feature of the virtual object in a

current frame, and the animation data generation unit 113 specifically includes:

[00117] a combined feature updating subunit, configured to output a combined feature of the
virtual object in a next frame of the current frame through a feature updating network in the neural
network based on the combined feature of the virtual object in the current frame outputted by the

feature generation network; and

[00118] an animation data generation subunit, configured to generate the animation data of
the virtual object through an animation generation network in the neural network based on the

combined feature of the virtual object in the next frame of the current frame.
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[00119] In a possible implementation, the combined feature generation unit 112 is

specifically configured to:

[00120] output the combined feature of the virtual object through the feature generation
network based on a latest outputted trajectory feature and bone feature of the virtual object in a case
that changes of the trajectory feature and the bone feature of the virtual object satisfy a first preset
condition and/or a time interval from previous combined feature outputting of the feature generation

network satisfies a second preset condition.

[00121] In a possible implementation, the combined feature updating subunit is specifically

configured to:

[00122] output the combined feature of the virtual object in the next frame of the current
frame through the feature updating network based on the combined feature of the virtual object in

the current frame and a delta time of an animation engine adapting to the virtual scene.

[00123] In a possible implementation, the animation data generation apparatus may further
include a network training unit configured to obtain the neural network through training. The

network training unit specifically includes:

[00124] a motion capturing data obtaining subunit, configured to obtain motion capturing

data of a real scene;

[00125] a data analysis subunit, configured to obtain root motion data, bone posture
information, and a basic query feature of a motion body based on the motion capturing data, the

basic query feature including a trajectory feature and a bone feature of the motion body;

[00126] a feature value extraction subunit, configured to extract a feature value of the motion
body from the root motion data and the bone posture information of the motion body, and use the

feature value as an auxiliary query feature;

[00127] a feature combination subunit, configured to obtain a combined feature of the motion
body based on the trajectory feature of the motion body, the bone feature of the motion body, and

the auxiliary query feature;

[00128] a first training subunit, configured to train the feature generation network in the
neural network by using the trajectory feature of the motion body, the bone feature of the motion

body, and the combined feature of the motion body;

[00129] a second training subunit, configured to train, after the feature generation network is

trained, the feature updating network in the neural network by using a combined feature in the
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current frame and a combined feature of the motion body in the next frame outputted by the feature
generation network, the combined feature of the motion body in the next frame being obtained

based on the motion capturing data of the motion body; and

[00130] a third training subunit, configured to train, after the feature updating network is
trained, the animation generation network by using the root motion data and the bone posture
information of the motion body and the combined feature of the motion body in the next frame

outputted by the feature generation network.

[00131] In a possible implementation, the motion capturing data obtaining subunit is

specifically configured to:

[00132] perform motion capturing on the motion body in a case that the motion body moves
based on a preset motion capturing route and performs a preset motion in the real scene, to obtain

initial motion capturing data; and

[00133] process the initial motion capturing data in at least one of the following

preprocessing manners to obtain processed motion capturing data:

[00134] noise reduction, data extension, or generation of data in a coordinate system of an

animation engine adapting to the virtual scene.

[00135] In a possible implementation, the data extension manner may include but is not
limited to:
[00136] performing the data extension on the initial motion capturing data through a

mirroring method; and/or

[00137] performing the data extension on the initial motion capturing data in a timeline

zooming manner.
[00138] In a possible implementation, the query feature generation unit 111 includes:

[00139] a signal extraction subunit, configured to extract a motion control signal for the

virtual object from the running data of the virtual scene; and

[00140] a feature generation subunit, configured to generate the trajectory feature and the
bone feature of the virtual object based on a control parameter in the motion control signal and a

historical control parameter in a historical motion control signal for the virtual object.

[00141] In a possible implementation, the trajectory feature includes a trajectory velocity and

a trajectory direction, and the bone feature includes left-foot bone position information, left-foot
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bone rotation information, right-foot bone position information, and right-foot bone rotation

information, a trajectory being formed based on a projection of a hip bone.

[00142] A structure of an animation data generation device is described in a form of a server

and in a form of a terminal device.

[00143] FIG. 13 is a schematic structural diagram of a server according to an embodiment of
this application. A server 900 may vary greatly due to different configurations or performance, and
may include one or more central processing units (CPUs) 922 (for example, one or more processors)
and a memory 932, and one or more storage media 930 (for example, one or more mass storage
devices) having an application 942 or data 944 stored therein. The memory 932 and the storage
medium 930 may be a transitory storage or a persistent storage. A program stored in the storage
medium 930 may include one or more modules (not shown in the figure), and each module may
include a series of instruction operations in the server. Further, the CPUs 922 may be configured to
communicate with the storage medium 930, and perform, on the server 900, the series of instruction

operations in the storage medium 930.

[00144] The server 900 may further include one or more power supplies 926, one or more

wired or wireless network interfaces 950, one or more input/output interfaces 958, and/or one or

more operating systems 941 such as Windows Server™, Mac OS X™, Unix™, Linux™, and
FreeBSD™.

[00145] The CPUs 922 are configured to perform the following steps:

[00146] generating a query feature of a virtual object in a virtual scene based on running data

of the virtual scene, the query feature including a trajectory feature and a bone feature of the virtual

object;

[00147] increasing a feature dimension of the virtual object through a feature generation
network in a neural network based on the trajectory feature and the bone feature of the virtual object,
to obtain a combined feature of the virtual object, the neural network being obtained through

pre-training; and

[00148] generating animation data of the virtual object through an animation generation

network in the neural network based on the combined feature of the virtual object.

[00149] An embodiment of this application further provides another animation data
generation device. The animation data generation device may be a terminal device. As shown in
FIG. 14, for ease of description, only parts related to this embodiment of this application are shown.

For specific technical details not disclosed, reference is made to the method part of the
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embodiments of this application. The terminal device may be any terminal device such as a mobile
phone, a tablet computer, a personal digital assistant (PDA), a point of sales (POS), or an on-board

computer. An example in which the terminal device is the mobile phone is used.

[00150] FIG. 14 is a block diagram of a partial structure of a mobile phone related to the
terminal device provided in the embodiments of this application. Referring to FIG. 14, the mobile
phone includes components such as a radio frequency (RF) circuit 1010, a memory 1020, an input
unit 1030, a display unit 1040, a sensor 1050, an audio circuit 1060, a wireless fidelity (Wi-F1)
module 1070, a processor 1080, and a power supply 1090. The input unit 1030 may include a touch
panel 1031 and another input device 1032. The display unit 1040 may include a display panel 1041.
The audio circuit 1060 may include a speaker 1061 and a microphone 1062. It may be understood
that the structure of the mobile phone shown in FIG. 14 does not constitute a limitation on the
mobile phone, and the mobile phone may include more components or fewer components than

those shown in the figure, or some merged components, or different component arrangements.

[00151] The memory 1020 may be configured to store a software program and a module, and
the processor 1080 executes various function applications of the mobile phone and performs data
processing by running the software program and the module stored in the memory 1020. The
memory 1020 may mainly include a program storage area and a data storage area. The program
storage area can store an operating system, an application required by at least one function (for
example, a sound playback function and an image playback function), and the like. The data storage
area can store data (for example, audio data and a phone book) created based on use of the mobile
phone. In addition, the memory 1020 may include a high-speed random access memory, and may
further include a nonvolatile memory, such as at least one magnetic disk storage device, a flash

memory device, or another volatile solid-state storage device.

[00152] The processor 1080 is a control center of the mobile phone, which is connected to all
parts of the entire mobile phone by using various interfaces and lines, and performs various
functions and data processing of the mobile phone by running or executing the software program
and/or module stored in the memory 1020 and calling the data stored in the memory 1020, so as to
perform overall data and information collection on the mobile phone. In some embodiments, the
processor 1080 may include one or more processing units. Preferably, an application processor and
a modem processor may be integrated into the processor 1080. The application processor mainly
processes an operating system, a user interface, an application, and the like. The modem processor
mainly processes wireless communication. It may be understood that the above modem processor

may alternatively not be integrated into the processor 1080.
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[00153] In this embodiment of this application, the processor 1080 included in the terminal
further has the following functions:

[00154] generating a query feature of a virtual object in a virtual scene based on running data
of the virtual scene, the query feature including a trajectory feature and a bone feature of the virtual

object;

[00155] increasing a feature dimension of the virtual object through a feature generation
network in a neural network based on the trajectory feature and the bone feature of the virtual object,
to obtain a combined feature of the virtual object, the neural network being obtained through

pre-training; and

[00156] generating animation data of the virtual object through an animation generation

network in the neural network based on the combined feature of the virtual object.

[00157] An embodiment of this application further provides a computer-readable storage
medium, which is configured to store a computer program. The computer program, when executed
by an animation data generation device, implements any implementation of the animation data

generation method in the above embodiments.

[00158] An embodiment of this application further provides a computer program product,
which includes a computer program. The computer program product, when run in a computer,
causes the computer to perform any implementation of the animation data generation method in the

above embodiments.

[00159] A person skilled in the art can clearly understand that, for convenient and brief
description, for specific working processes of the above system and device, reference may be made
to the corresponding processes in the above method embodiments. The details are not described

herein.

[00160] It is to be understood from the embodiments provided in this application that the
disclosed system and method may be implemented in another manner. For example, the system
embodiments described above are merely exemplary. For example, division of systems is merely
logical function division and may be another division manner during actual implementation. For
example, a plurality of systems may be combined or integrated into another system, or some
features may be omitted or not performed. In addition, the displayed or discussed mutual couplings
or direct couplings or communication connections may be implemented by using some interfaces.
The indirect couplings or communication connections between the apparatuses or units may be

implemented in an electronic, mechanical, or another form.
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[00161] The systems described as separate components may or may not be physically
separated, and the components displayed as units may or may not be physical units, and may be at
one position, or may be distributed on a plurality of network units. Some or all of the units may be

selected based on actual requirements to achieve the objectives of the solutions of embodiments.

[00162] In addition, functional units in the embodiments of this application may be integrated
into one processing unit, or each of the units may exist alone physically, or two or more units may
be integrated into one unit. The integrated unit may be implemented in a form of hardware, or may

be implemented in a form of a software function unit.

[00163] When the integrated unit is implemented in the form of a software function unit and
sold or used as an independent product, the integrated unit may be stored in a computer-readable
storage medium. Based on such an understanding, the technical solutions of this application
essentially, or a part contributing to the related art, or all or a part of the technical solutions may be
implemented in a form of a software product. The computer software product is stored in a storage
medium, and includes a plurality of instructions for enabling a computer device (which may be a
personal computer, a server, a network device, or the like) to perform all or a part of the steps of the
method in the embodiments of this application. The above storage medium includes various media
that can store program code, such as a USB flash drive, a mobile hard disk drive, a read-only

memory (ROM), a random access memory (RAM), a magnetic disk, or an optical disc.

[00164] The above embodiments are merely used for describing the technical solutions of
this application, and are not intended to limit this application. Although this application is described
in detail with reference to the above embodiments, it is to be understood by a person skilled in the
art that, modifications may still be made to the technical solutions described in the above
embodiments, or equivalent replacements may be made to some technical features therein; and the
modifications or replacements do not cause the essence of corresponding technical solutions to

depart from the spirit and scope of the technical solutions in the embodiments of this application.
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CLAIMS

What is claimed is:

1. An animation data generation method, performed by an animation data generation device,

the method comprising:

generating a query feature of a virtual object in a virtual scene based on running data of the
virtual scene, the query feature comprising a trajectory feature and a bone feature of the virtual

object;

increasing a feature dimension of the virtual object through a feature generation network in a
neural network based on the trajectory feature and the bone feature of the virtual object, to obtain a

combined feature of the virtual object, the neural network being obtained through pre-training; and

generating animation data of the virtual object through an animation generation network in the

neural network based on the combined feature of the virtual object.

2. The method according to claim 1, wherein the combined feature of the virtual object is a
combined feature of the virtual object in a current frame, and the generating animation data of the
virtual object through an animation generation network in the neural network based on the

combined feature of the virtual object comprises:

outputting a combined feature of the virtual object in a next frame of the current frame through
a feature updating network in the neural network based on the combined feature of the virtual object

in the current frame outputted by the feature generation network; and

generating the animation data of the virtual object through the animation generation network in
the neural network based on the combined feature of the virtual object in the next frame of the

current frame.

3. The method according to claim 2, wherein the increasing a feature dimension of the virtual
object through a feature generation network in a neural network based on the trajectory feature and

the bone feature of the virtual object, to obtain a combined feature of the virtual object comprises:

outputting the combined feature of the virtual object through the feature generation network
based on a latest outputted trajectory feature and bone feature of the virtual object in a case that
changes of the trajectory feature and the bone feature of the virtual object satisfy a first preset
condition and/or a time interval from previous combined feature outputting of the feature generation

network satisfies a second preset condition.
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4. The method according to claim 2, wherein the outputting a combined feature of the virtual
object in a next frame of the current frame through a feature updating network in the neural network
based on the combined feature of the virtual object in the current frame outputted by the feature

generation network comprises:

outputting the combined feature of the virtual object in the next frame of the current frame
through the feature updating network based on the combined feature of the virtual object in the

current frame and a delta time of an animation engine adapting to the virtual scene.
5. The method according to claim 2, wherein the neural network is trained by:
obtaining motion capturing data of a real scene;

obtaining root motion data, bone posture information, and a basic query feature of a motion
body based on the motion capturing data, the basic query feature comprising a trajectory feature and

a bone feature of the motion body;

extracting a feature value of the motion body from the root motion data and the bone posture

information of the motion body, and using the feature value as an auxiliary query feature;

obtaining a combined feature of the motion body based on the trajectory feature of the motion

body, the bone feature of the motion body, and the auxiliary query feature;

training the feature generation network in the neural network by using the trajectory feature of

the motion body, the bone feature of the motion body, and the combined feature of the motion body;

training, after the feature generation network is trained, the feature updating network in the
neural network by using a combined feature in the current frame and a combined feature of the
motion body in the next frame outputted by the feature generation network, the combined feature of
the motion body in the next frame being obtained based on the motion capturing data of the motion

body; and

training, after the feature updating network is trained, the animation generation network by
using the root motion data and the bone posture information of the motion body and the combined

feature of the motion body in the next frame outputted by the feature generation network.

6. The method according to claim 5, wherein the obtaining motion capturing data of a real

scene COl’l’lpI'iSGSZ

performing motion capturing on the motion body in a case that the motion body moves based
on a preset motion capturing route and performs a preset motion in the real scene, to obtain initial

motion capturing data; and
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processing the initial motion capturing data in at least one of the following preprocessing

manners to obtain processed motion capturing data:

noise reduction, data extension, or generation of data in a coordinate system of an animation

engine adapting to the virtual scene.

7. The method according to claim 6, wherein the performing data extension on the initial

motion capturing data comprises:

performing the data extension on the initial motion capturing data through a mirroring method;

and/or

performing the data extension on the initial motion capturing data in a timeline zooming

manner.

8. The method according to any one of claims 1 to 7, wherein the generating a query feature of

a virtual object in a virtual scene based on running data of the virtual scene comprises:

extracting a motion control signal for the virtual object from the running data of the virtual

scene; and

generating the trajectory feature and the bone feature of the virtual object based on a control
parameter in the motion control signal and a historical control parameter in a historical motion

control signal for the virtual object.

9. The method according to any one of claims 1 to 7, wherein the trajectory feature comprises
a trajectory velocity and a trajectory direction, and the bone feature comprises left-foot bone
position information, left-foot bone rotation information, right-foot bone position information, and

right-foot bone rotation information, a trajectory being formed based on a projection of a hip bone.

10. An animation data generation apparatus, deployed on an animation data generation device,

the apparatus comprising:

a query feature generation unit, configured to generate a query feature of a virtual object in a
virtual scene based on running data of the virtual scene, the query feature comprising a trajectory

feature and a bone feature of the virtual object;

a combined feature generation unit, configured to increase a feature dimension of the virtual
object through a feature generation network in a neural network based on the trajectory feature and
the bone feature of the virtual object, to obtain a combined feature of the virtual object, the neural

network being obtained through pre-training; and
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an animation data generation unit, configured to generate animation data of the virtual object
through an animation generation network in the neural network based on the combined feature of

the virtual object.
11. An animation data generation device, comprising a processor and a memory,

the memory being configured to store a computer program, and transmit the computer program

to the processor; and

the processor being configured to perform the operations of the animation data generation

method according to any one of claims 1 to 9 based on instructions in the computer program.

12. A computer-readable storage medium, configured to store a computer program, the
computer program, when executed by an animation data generation device, implementing the

operations of the animation data generation method according to any one of claims 1 to 9.

13. A computer program product, comprising a computer program, the computer program,
when executed by an animation data generation device, implementing the operations of the

animation data generation method according to any one of claims 1 to 9.
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