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METHOD, APPARATUS, DEVICE AND STORAGE MEDIUM FOR ACTION 

TRANSFER 

TECHNICAL FIELD 

[0001] The present disclosure relates to the field of computer vision technologies, and in 

particular to methods, apparatuses, devices and storage media for action transfer. 

BACKGROUND 

[0002] Action transfer is to transfer an action of an initial object involved in an initial 

motion video to a target object to form a target motion video. Because the initial motion 

video and the target motion video greatly differ in structure and view angle, it is very 

difficult to realize action transfer at the level of pixel. Especially when the initial object 

makes an extreme action or the initial object and the target object greatly differ in structure, 

an accuracy of transferring an action to the target object is relatively low. 

SUMMARY 

[0003] In view of this, the present disclosure at least provides an action transfer method 

and an action transfer apparatus. 

[0004] According to a first aspect of embodiments of the present disclosure, provided is 

an action transfer method. The method includes: obtaining a first initial video involving an 

action sequence of an initial object; identifying a two-dimensional skeleton keypoint 

sequence of the initial object from several frames of image in the first initial video; 

converting the two-dimensional skeleton keypoint sequence into a three-dimensional 

skeleton keypoint sequence of a target object; generating a target video involving an action 

sequence of the target object based on the three-dimensional skeleton keypoint sequence. 

[0005] In this aspect, by extracting the two-dimensional skeleton keypoint sequence, 

retargeting the two-dimensional skeleton keypoint sequence to the three-dimensional 

skeleton keypoint sequence, and performing action rendering for the target object based on 

the three-dimensional skeleton keypoint sequence, action transfer is achieved without 

realizing action transfer directly at the level of pixel. In this way, the problem that the initial 

video and the target video greatly differ in structure and view angle (especially, when the 

initial object makes an extreme action, or the initial object and the target object greatly differ 

in structure) is mitigated, and the accuracy of the action transfer can be improved. Moreover, 

in this aspect, by retargeting the three-dimensional skeleton keypoint sequence from the 
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two-dimensional skeleton keypoint sequence, the use of three-dimensional keypoint 

estimation and retargeting with a large error in an action transfer is avoided, and thus helping 

improve the accuracy of the action transfer. 

[0006] In a possible implementation, converting the two-dimensional skeleton keypoint 

sequence into the three-dimensional skeleton keypoint sequence of the target object includes: 

determining an action transfer component sequence of the initial object based on the two-

dimensional skeleton keypoint sequence; determining the three-dimensional skeleton 

keypoint sequence of the target object based on the action transfer component sequence of 

the initial object. 

[0007] In this implementation, the three-dimensional skeleton keypoint sequence is 

retargeted by using the action transfer component sequence orthogonally decomposed based 

on the two-dimensional skeleton keypoint sequence. This way, the use of the three-

dimensional keypoint estimation and retargeting with a large error in an action transfer is 

avoided, thus helping to improve the accuracy of the action transfer. 

[0008] In a possible implementation, before determining the three-dimensional skeleton 

keypoint sequence of the target object, the action transfer method further includes: obtaining 

a second initial video involving the target object; identifying a two-dimensional skeleton 

keypoint sequence of the target object from several frames of image in the second initial 

video, determining the three-dimensional skeleton keypoint sequence of the target object 

based on the action transfer component sequence of the initial object includes: determining 

an action transfer component sequence of the target object based on the two-dimensional 

skeleton keypoint sequence of the target object; determining a target action transfer 

component sequence based on the action transfer component sequence of the initial object 

and the action transfer component sequence of the target object; determining the three-

dimensional skeleton keypoint sequence of the target object based on the target action 

transfer component sequence. 

[0009] In this implementation, the three-dimensional skeleton keypoint sequence is 

determined by fusing the action transfer component sequence orthogonally decomposed 

based on the two-dimensional skeleton keypoint sequence of the initial object and the action 

transfer component sequence orthogonally decomposed based on the two-dimensional 

skeleton keypoint sequence of the target object. In this case, when the initial object makes 

an extreme action or the initial object and the target object greatly differ in structure, the 

low accuracy of the action transfer can be overcome. 
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[0010] In a possible implementation, the action transfer component sequence of the initial 

object includes a motion component sequence, an object structure component sequence, and 

a photographing angle component sequence, determining the action transfer component 

sequence of the initial object based on the two-dimensional skeleton keypoint sequence 

includes: for each of the several frames of image in the first initial video, determining motion 

component information, object structure component information and photographing angle 

component information corresponding to the frame of image based on a two-dimensional 

skeleton keypoint corresponding to the frame of image; determining the motion component 

sequence based on the motion component information corresponding to each of the several 

frames of image in the first initial video; determining the object structure component 

sequence based on the object structure component information corresponding to each of the 

several frames of image in the first initial video; determining the photographing angle 

component sequence based on the photographing angle component information 

corresponding to each of the several frames of image in the first initial video. 

[0011] In this implementation, the action transfer component sequence may include a 

plurality of orthogonal component sequences. The three-dimensional skeleton keypoint 

sequence is determined by using of the plurality of orthogonal component sequences, such 

that the low accuracy of the action transfer can be further overcome when the initial object 

makes an extreme action or the initial object and the target object greatly differ in structure. 

[0012] In a possible implementation, generating the target video involving the action 

sequence of the target object based on the three-dimensional skeleton keypoint sequence 

includes: generating a two-dimensional target skeleton keypoint sequence of the target 

object based on the three-dimensional skeleton keypoint sequence; generating the target 

video involving the action sequence of the target object based on the two-dimensional target 

skeleton keypoint sequence. 

[0013] In this implementation, the two-dimensional target skeleton keypoint sequence is 

obtained by performing re-projection on the reconstructed three-dimensional skeleton 

keypoint sequence. In this way, the use of three-dimensional keypoint estimation and 

retargeting with a large error in an action transfer is avoided, which helps to improve the 

accuracy of the action transfer. 

[0014] In a possible implementation, converting the two-dimensional skeleton keypoint 

sequence into the three-dimensional skeleton keypoint sequence of the target object includes: 
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converting the two-dimensional skeleton keypoint sequence into the three-dimensional 

skeleton keypoint sequence of the target object by using an action transfer neural network. 

[0015] In this implementation, determining the three-dimensional skeleton keypoint 

sequence of the target object by using a trained action transfer neural network can improve 

the efficiency and the accuracy of keypoint retargeting. 

[0016] In a possible implementation, the above action transfer method further includes 

steps of training the action transfer neural network: obtaining a sample motion video 

involving an action sequence of a sample object; identifying a first sample two-dimensional 

skeleton keypoint sequence of the sample object from several frames of sample image in 

the sample motion video; obtaining a second sample two-dimensional skeleton keypoint 

sequence by performing limb scaling for the first sample two-dimensional skeleton keypoint 

sequence; determining a loss function based on the first sample two-dimensional skeleton 

keypoint sequence and the second sample two-dimensional skeleton keypoint sequence; 

adjusting a network parameter of the action transfer neural network based on the loss 

function. 

[0017] In this implementation, the action transfer neural network is trained by using the 

loss function constructed by using the first sample two-dimensional skeleton keypoint 

sequence of the sample object and the second sample two-dimensional skeleton keypoint 

sequence obtained by performing limb scaling for the sample object. In this case, when the 

initial object and the target object differ greatly in structure, the accuracy of the action 

transfer can be improved. Furthermore, when the above action transfer neural network is 

trained, paired action-role data in the real world is not used. Thus, unsupervised construction 

of the loss function and unsupervised training of the action transfer neural network are 

achieved, which helps to improve the accuracy of the trained action transfer neural network 

in performing action transfer. 

[0018] In a possible implementation, determining the loss function based on the first 

sample two-dimensional skeleton keypoint sequence and the second sample two-

dimensional skeleton keypoint sequence includes: determining a first sample action transfer 

component sequence based on the first sample two-dimensional skeleton keypoint sequence; 

determining a second sample action transfer component sequence based on the second 

sample two-dimensional skeleton keypoint sequence; determining an estimated three-

dimensional skeleton keypoint sequence based on the first sample action transfer component 

sequence; determining the loss function based on the first sample action transfer component 
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sequence, the second sample action transfer component sequence, and the estimated three-

dimensional skeleton keypoint sequence. 

[0019] In this implementation, the loss function is constructed by using the first sample 

action transfer component sequence orthogonally decomposed based on the first sample 

two-dimensional skeleton keypoint sequence, the second sample action transfer component 

sequence orthogonally decomposed based on the second sample two-dimensional skeleton 

keypoint sequence, and the estimated three-dimensional skeleton keypoint sequence 

reconstructed based on the first sample action transfer component sequence. In this way, 

when the initial object and the target object greatly differ in structure, the accuracy of the 

action transfer can be improved. 

[0020] In a possible implementation, the loss function includes a motion invariant loss 

function, the first sample action transfer component sequence includes first sample motion 

component information, first sample structure component information and first sample 

angle component information corresponding to each frame of sample image, the second 

sample action transfer component sequence includes second sample motion component 

information, second sample structure component information and second sample angle 

component information corresponding to each frame of sample image. 

[0021] Determining the loss function includes: based on the second sample motion 

component information, the first sample structure component information, and the first 

sample angle component information corresponding to each frame of sample image, 

determining first estimated skeleton keypoints corresponding to respective first sample two-

dimensional skeleton keypoints in the first sample two-dimensional skeleton keypoint 

sequence; based on the first sample motion component information, the second sample 

structure component information, and the second sample angle component information 

corresponding to each frame of sample image, determining a second estimated skeleton 

keypoints corresponding to respective second sample two-dimensional skeleton keypoints 

in the second sample two-dimensional skeleton keypoint sequence; based on the first 

estimated skeleton keypoints, the second estimated skeleton keypoints, the first sample 

motion component information, the second sample motion component information, and the 

estimated three-dimensional skeleton keypoint sequence, determining the motion invariant 

loss function. 

[0022] In this implementation, based on the information obtained by orthogonally 

decomposing the first sample two-dimensional skeleton keypoint sequence and the second 
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sample two-dimensional skeleton keypoint sequence, the first estimated skeleton keypoint 

is obtained by performing skeleton recovery for the sample object, and the second estimated 

skeleton keypoint is obtained by performing skeleton recovery for the sample object 

subjected to limb scaling; Next, the motion invariant loss function is constructed in 

combination with the recovered first estimated skeleton keypoint, the recovered second 

estimated skeleton keypoint and the reconstructed estimated three-dimensional skeleton 

keypoint sequence of the sample object. Although the sample object is subjected to change 

or perturbation in structure and view angle, motion information after transfer should be 

unchanged. Therefore, by constructing the motion invariant loss function and minimizing 

the motion invariant loss function during training, the accuracy of the constructed action 

transfer neural network in performing action transfer can be improved. 

[0023] In a possible implementation, the loss function further includes a structure invariant 

loss function; determining the loss function further includes: screening out first sample two-

dimensional skeleton keypoints in sample images corresponding to a first moment and a 

second moment from the first sample two-dimensional skeleton keypoint sequence; 

screening out second sample two-dimensional skeleton keypoints in the sample images 

corresponding to the second moment and the first moment from the second sample two-

dimensional skeleton keypoint sequence; based on the first sample two-dimensional 

skeleton keypoints in the sample images corresponding to the first moment and the second 

moment, the second sample two-dimensional skeleton keypoint in the sample images 

corresponding to the second moment and the first moment, and the estimated three-

dimensional skeleton keypoint sequence, determining the structure invariant loss function. 

[0024] In this implementation, the structure invariant loss function can be constructed by 

using the first sample two-dimensional skeleton keypoints and the second sample two-

dimensional skeleton keypoints at different moments in combination with the reconstructed 

estimated three-dimensional skeleton keypoint sequence of the sample object. Because the 

structure of the sample object is unchanged over time, by constructing the structure invariant 

loss function and minimizing the motion invariant loss function and the structure invariant 

loss function during training, the accuracy of the constructed action transfer neural network 

in performing action transfer can be improved. 

[0025] In a possible implementation, the loss function further includes a view-angle 

invariant loss function, determining the loss function further includes: based on the first 

sample two-dimensional skeleton keypoints in the sample images corresponding to the first 
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moment and the second moment, the first sample angle component information of the 

sample images corresponding to the first moment and the second moment, the second 

sample angle component information of the sample images corresponding to the first 

moment and the second moment and the estimated three-dimensional skeleton keypoint 

sequence, determining the view-angle invariant loss function. 

[0026] In this implementation, the view-angle invariant loss function can be constructed 

by using the first sample two-dimensional skeleton keypoints at different moments and the 

reconstructed estimated three-dimensional skeleton keypiont sequence of the sample object 

and the like. Because the photographing view-angle of the sample object is unchanged along 

with change of motion and structure of the sample object, by constructing the view-angle 

invariant loss function and minimizing the view-angle invariant loss function, the motion 

invariant loss function and the structure invariant loss function during training, the accuracy 

of the constructed action transfer neural network in performing action transfer can be 

improved. 

[0027] In a possible implementation, the loss function further includes a reconstruction 

recovery loss function, determining the loss function further includes: determining the 

reconstruction recovery loss function based on the first sample two-dimensional skeleton 

keypoint sequence and the estimated three-dimensional skeleton keypoint sequence. 

[0028] In this implementation, the reconstruction recovery loss function can be 

constructed by using the the first sample two-dimensional skeleton keypoint sequence and 

the reconstructed estimated three-dimensional skeleton keypoint sequence of the sample 

object. Because the sample object may remain unchanged when performing sample object 

recovery, by constructing the reconstruction recovery loss function, and minimizing the 

reconstruction recovery loss function, the view-angle invariant loss function, the motion 

invariant loss function and the structure invariant loss function during training, the accuracy 

of the constructed action transfer neural network in performing action transfer can be 

improved. 

[0029] According to a second aspect of embodiments of the present disclosure, provided 

is an action transfer apparatus. The action transfer apparatus includes a video obtaining 

module, configured to obtain a first initial video involving an action sequence of an initial 

object; a keypoint extracting module, configured to identify a two-dimensional skeleton 

keypoint sequence of the initial object from several frames of image in the first initial video; 

a keypoint converting module, configured to convert the two-dimensional skeleton keypoint 
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sequence into a three-dimensional skeleton keypoint sequence of a target object; an image 

rendering module, configured to generate a target video involving an action sequence of the 

target object based on the three-dimensional skeleton keypoint sequence. 

[0030] In a possible implementation, for converting the two-dimensional skeleton 

keypoint sequence into the three-dimensional skeleton keypoint sequence of the target 

object, the keypoint converting module is configured to: determine an action transfer 

component sequence of the initial object based on the two-dimensional skeleton keypoint 

sequence; determine the three-dimensional skeleton keypoint sequence of the target object 

based on the action transfer component sequence of the initial object. 

[0031] In a possible implementation, the video obtaining module is further configured to 

obtain a second initial video involving the target object; the keypoint extracting module is 

further configured to identify a two-dimensional skeleton keypoint sequence of the target 

object from several frames of image in the second initial video, for determining the three-

dimensional skeleton keypoint sequence of the target object based on the action transfer 

component sequence of the initial object, the keypoint converting module is configured to: 

determine an action transfer component sequence of the target object based on the two-

dimensional skeleton keypoint sequence of the target object; determine a target action 

transfer component sequence based on the action transfer component sequence of the initial 

object and the action transfer component sequence of the target object; determine the three-

dimensional skeleton keypoint sequence of the target object based on the target action 

transfer component sequence. 

[0032] In a possible implementation, the action transfer component sequence of the initial 

object includes a motion component sequence, an object structure component sequence, and 

a photographing angle component sequence, for determining the action transfer component 

sequence of the initial object based on the two-dimensional skeleton keypoint sequence, the 

keypoint converting module is configured to: for each of the several frames of image in the 

first initial video, determine motion component information, object structure component 

information, and photographing angle component information of the initial object based on 

a two-dimensional skeleton keypoint corresponding to the frame of image; determine the 

motion component sequence based on the motion component information corresponding to 

each of the several frames of image in the first initial video; determine the object structure 

component sequence based on the object structure component information corresponding to 

each of the several frames of image in the first initial video; determine the photographing 
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angle component sequence based on the photographing angle component information 

corresponding to each of the several frames of image in the first initial video. 

[0033] According to a third aspect of embodiments of the present disclosure, provided is 

an electronic device, including a processor, a memory and a bus. The memory stores 

machine readable instructions executable by the processor. When the electronic device runs, 

the processor and the memory communicate with each other via the bus. The machine 

readable instructions are executed by the processor to implement the steps of the action 

transfer method as described above. 

[0034] According to a third aspect of embodiments of the present disclosure, provided is 

a computer readable storage medium storing computer programs. The computer programs 

are executed by a computer to implement the steps of the action transfer method as described 

above. 

[0035] The above apparatus, electronic device and computer readable storage medium of 

the present disclosure at least contain technical features essentially identical or similar to 

the technical features of any one aspect or any one embodiment of any one aspect of the 

above method of the present disclosure. Therefore, the descriptions about the effects of the 

above apparatus, electronic device and computer readable storage medium can be referred 

to the effect descriptions of the above method and thus will not be repeated herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] In order to make the technical solutions of the embodiments of the present 

disclosure clearer, the accompanying drawing involved in the descriptions of the 

embodiments will be briefly introduced below. It should be understood that the following 

drawings only show some embodiments of the present disclosure and thus shall not be taken 

as limitation to the scope of protection of the present disclosure. Those skilled in the art may 

obtain other relevant drawings based on these drawings without paying creative work. 

[0037] FIG. 1 is a flowchart illustrating an action transfer method according to an 

embodiment of the present disclosure. 

[0038] FIG. 2 is a flowchart illustrating another action transfer method according to an 

embodiment of the present disclosure. 

[0039] FIG. 3 is a flowchart illustrating a method of training an action transfer neural 

network according to an embodiment of the present disclosure. 



10 

[0040] FIG. 4 is a flowchart of recovering a skeleton keypoint during another training 

process of an action transfer neural network according to an embodiment of the present 

disclosure. 

[0041] FIG. 5 is a structural schematic diagram illustrating an action transfer apparatus 

according to an embodiment of the present disclosure. 

[0042] FIG. 6 is a structural schematic diagram illustrating an electronic device according 

to an embodiment of the present disclosure. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0043] In order to make the objects, technical solutions and advantages of the 

embodiments of the present disclosure clearer, the technical solutions of the embodiments 

of the present disclosure will be clearly and fully described in conjunction with the 

accompanying drawings in the embodiments of the present disclosure. It should be 

understood that the accompanying drawings in the present disclosure are merely used for 

the purpose of description and illustration rather than limiting the scope of protection of the 

present disclosure. In addition, it should be understood that the illustrative drawings are not 

drawn according to a scale of a real object. The flowcharts of the present disclosure illustrate 

operations of some embodiments in the present disclosure. It should be understood that the 

operations of the flowcharts may not be carried out in sequence and those steps without 

logic contextual relationship may be carried out in a reverse sequence or simultaneously. 

Furthermore, those skilled in the art may add one or more other operations to the flowcharts 

or remove one or more operations from the flowcharts under the guidance of the contents 

of the present disclosure. 

[0044] In addition, the described embodiments are merely some of the embodiments of 

the present disclosure rather than all embodiments. Generally, the components of the 

embodiments of the present disclosure described in the accompanying drawings may be 

arranged and designed in different configurations. Furthermore, the following detailed 

descriptions of the embodiments of the present disclosure in the accompanying drawings 

are not intended to limit the claimed scope of the present disclosure but only represent some 

selected embodiments of the present disclosure. All other embodiments obtained by those 

skilled in the art based on these embodiments of the present disclosure without making 

creative work shall fall within the scope of protection of the present disclosure. 
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[0045] It is noted that the term “include” used in the embodiments of the present disclosure 

is used to indicate the presence of the features appearing after this term but not preclude 

other additional features. 

[0046] The present disclosure provides an action transfer method and apparatus. Where, 

by extracting a two-dimensional skeleton keypoint sequence, retargeting the two-

dimensional skeleton keypoint sequence to a three-dimensional skeleton keypoint sequence, 

and performing action rendering for a target object based on the three-dimensional skeleton 

keypoint sequence, action transfer is achieved without realizing action transfer directly at 

the level of pixel. In this way, the problem that an initial video and a target video greatly 

differ in structure and view angle (especially, when the initial object makes an extreme 

action, or the initial object and the target object greatly differ in structure) is mitigated, and 

the accuracy of the action transfer can be improved. Moreover, in the present disclosure, by 

retargeting the three-dimensional skeleton keypoint sequence from the two-dimensional 

skeleton keypoint sequence, the use of three-dimensional keypoint estimation and 

retargeting with a large error in an action transfer is avoided, and thus helping improve the 

accuracy of the action transfer. 

[0047] A method, an apparatus, a device and a storage medium for action transfer in the 

present disclosure will be described below in combination with specific embodiments. 

[0048] An embodiment of the present disclosure provides an action transfer method. The 

method is applied to a terminal device or server or the like which performs action transfer. 

Specifically, as shown in FIG. 1, the action transfer method provided by the embodiment of 

the present disclosure includes the following steps. 

[0049] At step S110, a first initial video involving an action sequence of an initial object 

is obtained. 

[0050] Herein, the first initial video includes several frames of image. The initial object 

may show a different posture in each frame of image, and all of these postures are combined 

to form the action sequence of the initial object. 

[0051] At step S120, a two-dimensional skeleton keypoint sequence of the initial object is 

identified from several frames of image in the first initial video. 

[0052] In order to determine the action sequence of the initial object, a two-dimensional 

skeleton keypoint of the initial object may be extracted from each frame of image in the first 

initial video. The two-dimensional skeleton keypoints corresponding to several frames of 

image respectively form the above two-dimensional skeleton keypoint sequence. 
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Illustratively, the two-dimensional skeleton keypoint may include a keypoint corresponding 

to each joint of the initial object. The keypoints corresponding to various joints are 

combined together to form a skeleton of the initial object. 

[0053] In a possible implementation, the two-dimensional skeleton keypoint of the initial 

object in each frame of image may be extracted by using a two-dimensional posture 

estimation neural network. 

[0054] The above initial object may be a real human, a virtual human or animal or the like, 

which is not limited herein. 

[0055] At step S130, the two-dimensional skeleton keypoint sequence is converted into a 

three-dimensional skeleton keypoint sequence of a target object. 

[0056] In a possible implementation, an action transfer component sequence of the initial 

object may be firstly determined based on the two-dimensional skeleton keypoint sequence; 

and then, the three-dimensional skeleton keypoint sequence of the target object is 

determined based on the action transfer component sequence of the initial object. 

[0057] Illustratively, the action transfer component sequence of the initial object includes 

at least one of a motion component sequence, an object structure component sequence or a 

photographing angle component sequence. 

[0058] The motion component sequence represents a motion of the initial object, the object 

structure component sequence represents body shape of the initial object, and the 

photographing angle component sequence represents an angle of a camera. 

[0059] In some embodiments, the motion component sequence, the object structure 

component sequence, and the photographing angle component sequence as described above 

may be formed in the following sub-steps. 

[0060] At sub-step 1, motion component information, object structure component 

information, and photographing angle component information corresponding to each frame 

of image are respectively determined based on the two-dimensional skeleton keypoint 

corresponding to each of the several frames of image in the first initial video. 

[0061] At sub-step 2, the motion component sequence is determined based on the motion 

component information corresponding to each of the several frames of image in the first 

initial video. 

[0062] At sub-step 3, the object structure component sequence is determined based on the 

object structure component information corresponding to each of the several frames of 

image in the first initial video. 
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[0063] At sub-step 4, the photographing angle component sequence is determined based 

on the photographing angle component information corresponding to each of the several 

frames of image in the first initial video. 

[0064] In the above steps, the motion component information, the object structure 

component information, and the photographing angle component information 

corresponding to each frame of image are respectively obtained by encoding the two-

dimensional skeleton keypoint corresponding to each frame of image to semantically-

orthogonal three vectors through a neural network. Afterwards, the motion component 

information corresponding to several frames of image is combined to form the motion 

component sequence, the object structure component information corresponding to several 

frames of image is combined to form the object structure component sequence, and the 

photographing angle component information corresponding to several frames of image is 

combined to form the photographing angle component sequence. 

[0065] In the above three pieces of component information, each piece of component 

information is unchanged relative to the other two pieces of component information. 

[0066] In these steps, the three-dimensional skeleton keypoint sequence is retargeted by 

using the action transfer component sequence orthogonally decomposed based on the two-

dimensional skeleton keypoint sequence. In this way, the use of three-dimensional keypoint 

estimation and retargeting with a large error in an action transfer is avoided, which helps to 

improve the accuracy of the action transfer. Further, when the initial object makes an 

extreme action or the initial object and the target object differ greatly in structure, the low 

accuracy of the action transfer can be further overcome. 

[0067] At step S140, a target video involving an action sequence of the target object is 

generated based on the three-dimensional skeleton keypoint sequence. 

[0068] After the three-dimensional skeleton keypoint sequence is determined, a two-

dimensional target skeleton keypoint of the target object may be obtained by projecting a 

three-dimensional skeleton keypoint corresponding to each frame of image in the three-

dimensional skeleton keypoint sequence back to a two-dimensional space, and the two-

dimensional target skeleton keypoints corresponding to several frames of image form a two-

dimensional target skeleton keypoint sequence. Afterwards, the target video involving the 

action sequence of the target object is generated based on the two-dimensional target 

skeleton keypoint sequence. The action sequence of the target object corresponds to the 

action sequence of the initial object. 
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[0069] In some embodiments, for generating the target video which includes the action 

sequence of the target object based on the two-dimensional target skeleton keypoint 

sequence, action rendering may be performed with each group of obtained two-dimensional 

target skeleton keypoints to obtain a posture of the target object corresponding to each frame 

of image, and the action sequence of the target object can be obtained by combining the 

postures in various frames of image sequentially. 

[0070] Illustratively, the target video involving the action sequence of the target object 

may be generated by using a video rendering engine, based on the two-dimensional target 

skeleton keypoint corresponding to each frame of image. 

[0071] As above, the two-dimensional target skeleton keypoint sequence is obtained by 

performing re-projection on the reconstructed three-dimensional skeleton keypoint 

sequence. In this way, the use of three-dimensional keypoint estimation and retargeting with 

a large error in an action transfer is avoided, which helps to improve the accuracy of the 

action transfer. 

[0072] Illustratively, in the above step S130, orthogonal decomposition may be performed 

for the two-dimensional skeleton keypoint sequence by using a trained motion transfer 

neural network, and the three-dimensional skeleton keypoint sequence of the target object 

is determined by using the action transfer component sequence obtained by orthogonal 

decomposition. 

[0073] The above motion transfer neural network may include three encoders and one 

decoder. Each encoder is used to perform component information extraction for each two-

dimensional skeleton keypoint in the two-dimensional skeleton keypoint sequence to obtain 

the above motion component information, object structure component information and 

photographing angle component information. After the above component information is 

obtained, decoding is performed by using one decoder, an estimated three-dimensional 

skeleton keypoint of the target object is obtained through reconstruction, and finally the 

estimated three-dimensional skeleton keypoint is re-projected back to a two-dimensional 

space to obtain one three-dimensional skeleton keypoint in the above three-dimensional 

skeleton keypoint sequence. 

[0074] It should be noted that, for determining the three-dimensional skeleton keypoint, 

the object structure component information and photographing angle component 

information obtained by the encoder via direct decoding, or the object structure component 

information and the photographing angle component information obtained by average 
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pooling can be used. Specifically, the two-dimensional skeleton keypoints respectively 

corresponding to several continuous frames of image including the current frame of image 

are orthogonally decomposed to obtain the object structure component information and the 

photographing angle component information corresponding to each frame of image. Then, 

average pooling operation is performed for the object structure component information 

corresponding to each frame of image to obtain the final object structure component 

information corresponding to the current frame of image; average pooling operation is 

performed for the photographing angle component information corresponding to each frame 

of image to obtain the final photographing angle component information corresponding to 

the current frame of image. Finally, based on the motion component information obtained 

by direct decomposition, the object structure component information obtained by average 

pooling operation and the photographing angle component information obtained by average 

pooling operation, the three-dimensional skeleton keypoint corresponding to the current 

frame of image is determined. 

[0075] In this embodiment, direct action transfer at the level of pixel is avoided, which 

reduces the problem that the first initial video and the target video greatly differ in structure 

and view angle, and improves the accuracy of the action transfer especially when the initial 

object makes an extreme action or the initial object and the target object differ greatly in 

structure. Furthermore, in the above embodiment, the extracted two-dimensional skeleton 

keypoints are orthogonally decomposed to the motion component information, the object 

structure component information and the photographing angle component information, so 

as to further mitigate the low accuracy of the action transfer when the initial object makes 

an extreme action or the initial object and the target object differ greatly in structure. 

[0076] In the embodiments of the present disclosure, in order to further mitigate the low 

accuracy of the action transfer when the initial object makes an extreme action or the initial 

object and the target object differ greatly in structure, before the three-dimensional skeleton 

keypoint sequence of the target object is determined, a second initial video involving the 

target object is obtained and a two-dimensional skeleton keyponit sequence of the target 

object is identified from several frames of image in the second initial video. 

[0077] Afterwards, when the three-dimensional skeleton keypoint sequence of the target 

object is determined, an action transfer component sequence of the target object is firstly 

determined based on the two-dimensional skeleton keyponit sequence of the target object; 

then, a target action transfer component sequence is determined based on the action transfer 
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component sequence of the initial object and the action transfer component sequence of the 

target object; finally, the three-dimensional skeleton keypoint sequence of the target object 

is determined based on the target action transfer component sequence. 

[0078] The action transfer component sequence of the target object is determined in the 

same manner as the action transfer component sequence of the initial object is determined: 

firstly, a two-dimensional skeleton keypoint of the target object is respectively extracted 

from each frame of image in the second initial video, and the two-dimensional skeleton 

keypoint in each frame of image is orthogonally decomposed to determine the motion 

component information, the object structure component information and the photographing 

angle component information of the target object. Finally, the motion component 

information corresponding to several frames of image is used to form the motion component 

sequence, the object structure component information corresponding to several frames of 

image is used to form the object structure component sequence, and the photographing angle 

component information corresponding to several frames of image is used to form the 

photographing angle component sequence. 

[0079] In the above embodiment, the three-dimensional skeleton keypoint sequence of the 

target object is reconstructed by using the fused target action transfer component sequence, 

and then the two-dimensional target skeleton keypoint sequence of the target object is 

obtained by performing re-projection for the reconstructed three-dimensional skeleton 

keypoint sequence. In this way, the use of three-dimensional keypiont estimation and 

retargeting with a large error in an action transfer is avoided, thereby helping to improve the 

accuracy of the action transfer. 

[0080] The action transfer method of the present disclosure is described below with a 

specific embodiment. 

[0081] As shown in FIG. 2, the action transfer method of the present disclosure includes 

the following steps. 

[0082] At step 1, skeleton extraction operation: a two-dimensional skeleton keypoint 

sequence of an initial object is obtained by extracting a two-dimensional skeleton keypoint 

of the initial object from each frame of image in a first initial video; a two-dimensional 

skeleton keypoint sequence of a target object is obtained by extracting a two-dimensional 

skeleton keypoint of the target object from each frame of image in a second initial video. 

[0083] At step 2, action transfer operation: each two-dimensional skeleton keypoint in the 

two-dimensional skeleton keypoint sequence of the initial object and each two-dimensional 
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skeleton keypoint in the two-dimensional skeleton keypoint sequence of the target object 

are subjected to encoding process respectively, that is, performing orthogonal 

decomposition, such that motion component information, object structure component 

information and photographing angle component information corresponding to each two-

dimensional skeleton keypoint or each frame of image for the initial object, as well as 

motion component information, object structure component information and photographing 

angle component information corresponding to each two-dimensional skeleton keypoint or 

each frame of image for the target object may be obtained. 

[0084] The motion component information corresponding to several frames of image for 

the initial object forms the motion component sequence of the initial object, the object 

structure component information corresponding to several frames of image for the initial 

object forms the object structure component sequence of the initial object, and the 

photographing angle component information corresponding to several frames of image for 

the initial object forms the photographing angle component sequence of the initial object. 

The motion component sequence, the object structure component sequence and the 

photographing angle component sequence of the initial object form the action transfer 

component sequence of the initial object. 

[0085] Likewise, The motion component information corresponding to several frames of 

image for the target object forms the motion component sequence of the target object, the 

object structure component information corresponding to several frames of image for the 

target object forms the object structure component sequence of the target object, and the 

photographing angle component information corresponding to several frames of image for 

the target object forms the photographing angle component sequence of the target object. 

The motion component sequence, the object structure component sequence and the 

photographing angle component sequence of the target object form the action transfer 

component sequence of the target object. 

[0086] Afterwards, a target action transfer component sequence is determined based on 

the action transfer component sequence of the initial object and the action transfer 

component sequence of the target object; a three-dimensional skeleton keypoint sequence 

of the target object is determined based on the target action transfer component sequence. 

[0087] Illustratively, recombined target motion component information, target structure 

component information and target angle component information may be obtained by 

recombining the motion component information, the object structure component 
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information and the photographing angle component information corresponding to each 

frame of image for the initial object with the motion component information, the object 

structure component information and the photographing angle component information 

corresponding to each frame of image for the target object. 

[0088] The target motion component information corresponding to several frames of 

image may form a target motion component sequence, the target structure component 

information corresponding to several frames of image may form a target object structure 

component sequence, and the target angle component information corresponding to several 

frames of image may form a target photographing angle component sequence. The target 

motion component sequence, the target object structure component sequence and the target 

photographing angle component sequence form the above target action transfer component 

sequence. 

[0089] Next, three-dimensional skeleton keypoints corresponding to one frame of image 

for the target object at three preset angles may be obtained by performing decoding 

operation for the target motion component information, the target structure component 

information and the target angle component information. The three-dimensional skeleton 

keypoints of several frames of image form the above three-dimensional skeleton keypoint 

sequence. 

[0090] Finally, a two-dimensional target skeleton keypoint of the target object at each 

preset angle may be obtained by re-projecting the three-dimensional skeleton keypoint at 

each preset angle back to a two-dimensional space. 

[0091] At step 3, skeleton-video rendering operation: based on the two-dimensional target 

skeleton keypoint of the target object at each preset angle in each frame of image, a target 

action of the target object at each preset angle is determined and a target video of the target 

object at each preset angle is generated based on the target action. 

[0092] In the above embodiment, the accuracy of the action transfer can be significantly 

improved, and the action transfer can be achieved at any angle. Moreover, when the target 

object and the initial object greatly differ in structure, or the initial object makes an extreme 

action, an accurate action transfer can be still achieved, thus obtaining good visual effect. 

[0093] At present, because a motion presents complex nonlinearity and it is difficult to 

find paired action-role data in the real world, it is difficult to build an accurate action transfer 

model to achieve the above action transfer, resulting in low accuracy of the action transfer. 

In order to mitigate the above defect, the present disclosure further provides a method of 
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training an action transfer neural network. The method may be applied to the above terminal 

device or server which performs action transfer and may also be applied to a terminal device 

or server which trains a neural network separately. Specifically, as shown in FIG. 3, the 

method includes the following steps. 

[0094] At step S310, a sample motion video involving an action sequence of a sample 

object is obtained. 

[0095] At step S320, a first sample two-dimensional skeleton keypoint sequence of the 

sample object is identified from several frames of sample image in the sample motion video. 

[0096] Herein, a first sample two-dimensional skeleton keypoint of the sample object is 

extracted from each frame of image in the sample motion video. The first sample two-

dimensional skeleton keypoints extracted from several frames of sample image form the 

first sample two-dimensional skeleton keypoint sequence. 

[0097] The above first sample two-dimensional skeleton keypoint may include a keypoint 

corresponding to each joint of the sample object. The keypoints corresponding to various 

joints are combined to form a skeleton of the sample object. 

[0098] In a specific implementation, the first sample two-dimensional skeleton keypoint 

of the sample object may be extracted by using a two-dimensional posture estimation neural 

network. 

[0099] The above sample object may be a real human, or a virtual human or animal or the 

like, which is not limited herein. 

[0100] At step S330, a second sample two-dimensional skeleton keypoint sequence is 

obtained by performing limb scaling for the first sample two-dimensional skeleton keypoint 

sequence. 

[0101] Herein, the second sample two-dimensional skeleton keypoint sequence is obtained 

by performing scaling for each first sample two-dimensional skeleton keypoint in the first 

sample two-dimensional skeleton keypoint sequence based on a preset scaling factor. 

[0102] As shown in FIG. 4, a second sample two-dimensional skeleton keypoint x’ is 

obtained by performing limb scaling for a first sample two-dimensional skeleton keypoint 

x. 

[0103] At step S340, a loss function is determined based on the first sample two-

dimensional skeleton keypoint sequence and the second sample two-dimensional skeleton 

keypoint sequence. Based on the loss function, a network parameter of the action transfer 

neural network is adjusted. 
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[0104] In a specific implementation, each first sample two-dimensional skeleton keypoint 

in the first sample two-dimensional skeleton keypoint sequence and each second sample 

two-dimensional skeleton keypoint in the second sample two-dimensional skeleton keypoint 

sequence are orthogonally decomposed. Thus, estimation of a three-dimensional skeleton 

keypoint sequence and recovery of a two-dimensional sample skeleton keypiont are 

performed based on the information obtained by decomposition and then the loss function 

is constructed based on the information obtained by decomposition, the estimated three-

dimensional skeleton keypoint sequence and the recovered two-dimensional sample 

skeleton keypoint. 

[0105] Herein, minimizing the value of the constructed loss function is the goal of training 

the action transfer neural network. 

[0106] In this embodiment, the action transfer neural network is trained by using the loss 

function constructed by using the first sample two-dimensional skeleton keypoint sequence 

of the sample object and the second sample two-dimensional skeleton keypoint sequence 

obtained by performing limb scaling for the sample object. In this case, when the initial 

object and the target object differ greatly in structure, the accuracy of the action transfer can 

be improved. Furthermore, when the above action transfer neural network is trained, paired 

action-role data in the real world is not used. Thus, unsupervised construction of the loss 

function and unsupervised training of the action transfer neural network are achieved, which 

helps to improve the accuracy of the trained action transfer neural network in performing 

action transfer. 

[0107] The above action transfer neural network may include three encoders and one 

decoder. The training of the action transfer neural network is essentially a training of the 

three encoders and one decoder. 

[0108] In some embodiments, the loss function may be determined based on the first 

sample two-dimensional skeleton keypoint sequence and the second sample two-

dimensional skeleton keypoint sequence in the following steps. 

[0109] At step 1, a first sample action transfer component sequence is determined based 

on the first sample two-dimensional skeleton keypoint sequence. 

[0110] First sample motion component information, first sample structure component 

information and first sample angle component information corresponding to each frame of 

sample image may be obtained by orthogonally decomposing each first sample two-

dimensional skeleton keypoint in the first sample two-dimensional skeleton keypoint 
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sequence. The first sample motion component information corresponding to several frames 

of sample image forms a first sample motion component sequence; the first sample structure 

component information corresponding to several frames of sample image forms a first 

sample structure component sequence; the first sample angle component information 

corresponding to several frames of sample image forms a first sample angle component 

sequence. The first sample motion component sequence, the first sample structure 

component sequence and the first sample angle component sequence form the above first 

sample action transfer component sequence. 

[0111] Herein, as shown in FIG. 4, the first sample motion component information is 

obtained by processing a first sample two-dimensional skeleton keypoint x using an encoder 

Em in the action transfer neural network; the first sample structure component information 

is obtained by processing the first sample two-dimensional skeleton keypoint x using 

another encoder Es; the first sample angle component information is obtained by processing 

the first sample two-dimensional skeleton keypoint x using the last encoder Ev. 

[0112] Final first sample structure component information is obtained by perform 

average pooling for the first sample structure component information corresponding to a 

current frame of sample image and the first sample structure component information 

corresponding to several frames of sample image (for example, 64 frames) adjacent to the 

current frame of sample image. Final first sample angle component information is 

obtained by performing average pooling for the first sample angle component information 

corresponding to the current frame of sample image and the first sample angle component 

information corresponding to several frames of sample image adjacent to the current frame 

of sample image. The first sample motion component information corresponding to the 

current frame of sample image is not subjected to average pooling and can be directly used 

as final first sample motion component information m. 

[0113] At step 2, a second sample action transfer component sequence is determined based 

on the second sample two-dimensional skeleton keypoint sequence. 

[0114] Second sample motion component information, second sample structure 

component information and second sample angle component information corresponding to 

each frame of sample image may be obtained by orthogonally decomposing each second 

sample two-dimensional skeleton keypoint in the second sample two-dimensional skeleton 

keypoint sequence. The second sample motion component information corresponding to 
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several frames of sample image forms a second sample motion component sequence; the 

second sample structure component information corresponding to several frames of sample 

image forms a second sample structure component sequence; the second sample angle 

component information corresponding to several frames of sample image forms a second 

sample angle component sequence. The second sample motion component sequence, the 

second sample structure component sequence and the second sample angle component 

sequence form the above second sample action transfer component sequence. 

[0115] Herein, as shown in FIG. 4, the second sample motion component information is 

obtained by processing a second sample two-dimensional skeleton keypoint x’ using an 

encoder Em in the action transfer neural network; the second sample structure component 

information is obtained by processing the second sample two-dimensional skeleton keypoint 

x’ using another encoder Es; the second sample angle component information is obtained 

by processing the second sample two-dimensional skeleton keypoint x’ using the last 

encoder Ev. 

[0116] Final second sample structure component information ’is obtained by perform 

average pooling for the second sample structure component information corresponding to a 

current frame of sample image and the second sample structure component information 

corresponding to several frames of sample image adjacent to the current frame of sample 

image. Final second sample angle component information ’ is obtained by performing 

average pooling for the second sample angle component information corresponding to the 

current frame of sample image and the second sample angle component information 

corresponding to several frames of sample image adjacent to the current frame of sample 

image. The second sample motion component information corresponding to the current 

frame of sample image is not subjected to average pooling and can be directly used as final 

second sample motion component information m’. 

[0117] At step 3, an estimated three-dimensional skeleton keypoint sequence is 

determined based on the first sample action transfer component sequence. 

[0118] Herein, specifically, an estimated three-dimensional skeleton keypoint is 

determined based on the first sample motion component information, the first sample 

structure component information and the first sample angle component information 

corresponding to one frame of sample image. The estimated three-dimensional skeleton 
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keypoints corresponding to several frames of sample image form the above estimated three-

dimensional skeleton keypoint sequence. 

[0119] Herein, specifically, a reconstructed estimated three-dimensional skeleton keypoint 

may be obtained by performing decoding for the first sample motion component information, 

the first sample structure component information and the first sample angle component 

information of one frame of sample image by using one decoder G. 

[0120] At step 4, the loss function is determined based on the first sample action transfer 

component sequence, the second sample action transfer component sequence and the 

estimated three-dimensional keypoint sequence. 

[0121] In a specific implementation, recovery of a two-dimensional sample skeleton 

keypoint is performed using the first sample motion component information, the first sample 

structure component information and the first sample angle component information in the 

first sample action transfer component sequence and the second sample motion component 

information, the second sample structure component information and the second sample 

angle component information in the second sample action transfer component sequence, and 

then the loss function is constructed by using the estimated three-dimensional skeleton 

keypoint sequence and the recovered two-dimensional sample skeleton keypoint. 

[0122] In this implementation, the loss function is constructed by using the first sample 

action transfer component sequence orthogonally decomposed based on the first sample 

two-dimensional skeleton keypoint sequence, the second sample action transfer component 

sequence orthogonally decomposed based on the second sample two-dimensional skeleton 

keypoint sequence, and the estimated three-dimensional skeleton keypoint sequence 

reconstructed based on the first sample action transfer component sequence. In this way, 

when the initial object and the target object greatly differ in structure, the accuracy of the 

action transfer can be improved. 

[0123] Although the sample object is subjected to change or perturbation in structure and 

view angle, motion information after transfer should be unchanged. Therefore, by 

constructing a motion invariant loss function and minimizing the motion invariant loss 

function during training to improve the accuracy of the constructed action transfer neural 

network in performing action transfer. Specifically, the above motion invariant loss function 

can be constructed in the following steps. 

[0124] At step 1, a first estimated skeleton keypoint corresponding to the corresponding 

first sample two-dimensional skeleton keypoint in the first sample two-dimensional skeleton 
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keypoint sequence is determined based on the second sample motion component 

information, the first sample structure component information and the first sample angle 

component information. 

[0125] As shown in FIG. 4, the above can be achieved in the following sub-steps: 

reconstructing a three-dimensional skeleton keypiont by processing the second sample 

motion component information m’, the first sample structure component information and 

the first sample angle component information  using the decoder G, and re-projecting the 

three-dimensional skeleton keypiont  to a two-dimensional space using a rotational 

projection function Ф( , 0) to obtain the first estimated skeleton keypoint . 

[0126] At step 2, a second estimated skeleton keypoint corresponding to a corresponding 

second sample two-dimensional skeleton keypoint in the second sample two-dimensional 

skeleton keypoint sequence is determined based on the first sample motion component 

information, the second sample structure component information and the second sample 

angle component information. 

[0127] As shown in FIG. 4, the above can be achieved in the following sub-steps: 

reconstructing a three-dimensional skeleton keypiont by processing the first sample 

motion component information m, the second sample structure component information 

’and the second sample angle component information ’ using the decoder G, and re-

projecting the three-dimensional skeleton keypiont  to a two-dimensional space using a 

rotational projection function Ф ( , 0) to obtain the second estimated skeleton keypoint

. 

[0128] At steps 1 and 2, the first estimated skeleton keypoint  and the second estimated 

skeleton keypoint  are generated in the following formulas: 

(1) 

[0129] In the above formulas,  represents performing average pooling operation for the 

sample structure component information extracted by the encoder, and  represents 

performing average pooling operation for the sample angle component information 

extracted by the encoder. 
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[0130] At step 3, the motion invariant loss function is determined based on the first 

estimated skeleton keypoint, the second estimated skeleton keypoint, the first sample motion 

component information, the second sample motion component information and the 

estimated three-dimensional skeleton keypoint sequence. 

[0131] The motion invariant loss functions constructed can include the following three 

functions: 

(2) 

   (3) 

   (4) 

   (5) 

[0132] In the above formulas, N represents a frame number of sample motion videos, T 

represents a number of joints corresponding to a first sample two-dimensional skeleton 

keypoint, M represents a preset value, Cm represents an encoding length of the first sample 

motion component information, K represents a number of rotations of a sample object,  

represents an estimated three-dimensional skeleton keypoint, and , , represent 

three motion invariant loss functions. 

[0133] In embodiments of the present disclosure, based on the information obtained by 

orthogonally decomposing the first sample two-dimensional skeleton keypoint sequence 

and the second sample two-dimensional skeleton keypoint sequence, the first estimated 

skeleton keypoint is obtained by performing skeleton recovery for the sample object and the 

second estimated skeleton keypoint is obtained by performing skeleton recovery for the 

sample object subjected to limb scaling. Next, the motion invariant loss function is 

constructed in combination with the recovered first estimated skeleton keypoint, the 

recovered second estimated skeleton keypoint and the reconstructed estimated three-

dimensional skeleton keypoint sequence of the sample object. 

[0134] Because the structure of the sample object is unchanged over time, Therefore, by 

constructing a structure invariant loss function and minimizing the motion invariant loss 

X̂
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function and the structure invariant loss function during training to improve the accuracy of 

the constructed action transfer neural network in performing action transfer. Specifically, 

the above structure invariant loss function can be constructed in the following steps. 

[0135] At step 1, the first sample two-dimensional skeleton keypoint of the sample object 

at the first moment and the first sample two-dimensional skeleton keypoint of the sample 

object at the second moment are screened out from the first sample two-dimensional 

skeleton keypoint sequence. 

[0136] The second sample two-dimensional skeleton keypoint of the sample object at the 

second moment and the second sample two-dimensional skeleton keypoint of the sample 

object at the first moment are screened out from the second sample two-dimensional 

skeleton keypoint sequence. 

[0137] The above first sample two-dimensional skeleton keypoints are two-dimensional 

skeleton keypoints of the sample object which are respectively extracted from the sample 

images corresponding to the first moment t1 and the second moment t2 in the sample motion 

video, where the two-dimensional skeleton keypoints are not subjected to limb scaling. The 

above second sample two-dimensional skeleton keypoints are keypoints obtained by 

performing limb scaling for the skeleton keypoints of the sample object respectively 

extracted from the sample images corresponding to the first moment t1 and the second 

moment t2 in the sample motion video. 

[0138] At step 2, the structure invariant loss function is determined based on the first 

sample two-dimensional skeleton keypoint of the sample object at the first moment, the first 

sample two-dimensional skeleton keypoint of the sample object at the second moment, the 

second sample two-dimensional skeleton keypoint of the sample object at the second 

moment, the second sample two-dimensional skeleton keypoint of the sample object at the 

first moment and the estimated three-dimensional skeleton keypoint sequence. 

[0139] In a specific implementation, the structure invariant loss functions constructed 

include the following two functions: 

  (6) 

    (7) 

   (8) 
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[0140] In the formulas, St1 represents sample structure component information directly 

extracted from the first sample two-dimensional skeleton keypoint at the moment t1, St2 

represents sample structure component information directly extracted from the first sample 

two-dimensional skeleton keypoint at the moment t2, St2’ represents sample structure 

component information directly extracted from the second sample two-dimensional skeleton 

keypoint at the moment t2, St1’ represents sample structure component information directly 

extracted from the second sample two-dimensional skeleton keypoint at the moment t1, Cb 

represents an encoding length corresponding to the first sample structure component 

information, m is a preset value, s() represents a cosine similarity function, and  and

 represent two structure invariant loss functions. 

[0141] In an embodiment of the present disclosure, the structure invariant loss function 

can be constructed by using the first sample two-dimensional skeleton keypoints and the 

second sample two-dimensional skeleton keypoints at different moments in combination 

with the reconstructed estimated three-dimensional skeleton keypoint sequence of the 

sample object. 

[0142] Because the photographing view-angle of the sample object is unchanged along 

with change of motion and structure of the sample object, by constructing a view-angle 

invariant loss function and minimizing the view-angle invariant loss function, the motion 

invariant loss function and the structure invariant loss function during training, the accuracy 

of the constructed action transfer neural network in performing action transfer can be 

improved. Specifically, the view-angle invariant loss function may be constructed in the 

following steps. 

[0143] The view-angle invariant loss function is determined based on the first sample two-

dimensional skeleton keypoint of the sample object at the first moment, the first sample two-

dimensional skeleton keypoint of the sample object at the second moment, the first sample 

angle component information, the second sample angle component information, and the 

estimated three-dimensional skeleton keypoint sequence. 

[0144] The view-angle invariant loss functions include the following two functions: 

   (9) 

      (10) 



28 

        (11) 

[0145] In the formulas, vt1 represents the sample angle component information directly 

extracted from the first sample two-dimensional skeleton keypoint at the moment t1, vt2 

represents the sample angle component information directly extracted from the first sample 

two-dimensional skeleton keypoint at the moment t2, Cv represents an encoding length 

corresponding to the first sample angle component information, and  and

represents two view-angle invariant loss functions. 

[0146] Because the sample object should remain unchanged when performing sample 

object recovery, by constructing a reconstruction recovery loss function and minimizing the 

reconstruction recovery loss function, the view-angle invariant loss function, the motion 

invariant loss function and the structure invariant loss function during training, the accuracy 

of the constructed action transfer neural network in performing action transfer can be 

improved. Specifically, the reconstruction recovery loss function may be constructed in the 

following steps. 

[0147] The reconstruction recovery loss function is determined based on the first sample 

two-dimensional skeleton keypoint sequence and the estimated three-dimensional skeleton 

keypoint sequence. 

[0148] The reconstruction recovery loss functions constructed include the following two 

functions: 

    (12) 

    (13) 

[0149] In the formulas, D represents a convolutional network on a time sequence,  

represents a probability distribution of x taken from a sample, then expectation is then 

solved for the subsequent function , and  and  

represent two reconstruction recovery loss functions. 

[0150] In the above embodiments, the reconstruction recovery loss function, the view-

angle invariant loss function, the motion invariant loss function and the structure invariant 
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loss function are constructed. In a specific implementation, a target loss function may be 

obtained by fusing the above loss functions in the following formula. 

(14) 

[0151] In the formula, λrec, λcrs, λadv, λtrip and λinv all represent preset weights. 

[0152] The action transfer neural network is trained by minimizing the target loss function. 

[0153] Corresponding to the above action transfer method, the present disclosure further 

provides an action transfer apparatus. The apparatus is applied to a terminal device or server 

performing action transfer, and various modules therein can implement steps identical to the 

steps of the above method and achieve the same beneficial effects. Therefore, for the same 

parts therein, no redundant descriptions will be made herein. 

[0154] As shown in FIG. 5, the present disclosure provides an action transfer apparatus, 

including: 

[0155] a video obtaining module 510, configured to obtain a first initial video involving 

an action sequence of an initial object; 

[0156] a keypoint extracting module 520, configured to identify a two-dimensional 

skeleton keypoint sequence of the initial object from several frames of image in the first 

initial video; 

[0157] a keypoint converting module 530, configured to convert the two-dimensional 

skeleton keypoint sequence into a three-dimensional skeleton keypoint sequence of a target 

object; 

[0158] an image rendering module 540, configured to generate a target video involving an 

action sequence of the target object based on the three-dimensional skeleton keypoint 

sequence. 

[0159] In some embodiments, when converting the two-dimensional skeleton keypoint 

sequence into the three-dimensional skeleton keypoint sequence of the target object, the 

keypoint converting module 530 is configured to: determine an action transfer component 

sequence of the initial object based on the two-dimensional skeleton keypoint sequence; 

determine the three-dimensional skeleton keypoint sequence of the target object based on 

the action transfer component sequence of the initial object. 

[0160] In some embodiments, the video obtaining module 510 is further configured to 

obtain a second initial video involving the target object; the keypoint extracting module 520 
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is further configured to identify a two-dimensional skeleton keypoint sequence of the target 

object from several frames of image in the second initial video; when determining the three-

dimensional skeleton keypoint sequence of the target object based on the action transfer 

component sequence of the initial object, the keypoint converting module 530 is configured 

to: determine an action transfer component sequence of the target object based on the two-

dimensional skeleton keypoint sequence of the target object; determine a target action 

transfer component sequence based on the action transfer component sequence of the initial 

object and the action transfer component sequence of the target object; determine the three-

dimensional skeleton keypoint sequence of the target object based on the target action 

transfer component sequence. 

[0161] In some embodiments, the action transfer component sequence of the initial object 

includes a motion component sequence, an object structure component sequence, and a 

photographing angle component sequence; when determining the action transfer component 

sequence of the initial object based on the two-dimensional skeleton keypoint sequence, the 

keypoint converting module 530 is configured to: respectively determine motion component 

information, object structure component information, and photographing angle component 

information corresponding to each frame of image based on a two-dimensional skeleton 

keypoint corresponding to each of the several frames of image in the first initial video; 

determine the motion component sequence based on the motion component information 

corresponding to each of the several frames of image in the first initial video; determine the 

object structure component sequence based on the object structure component information 

corresponding to each of the several frames of image in the first initial video; determine the 

photographing angle component sequence based on the photographing angle component 

information corresponding to each of the several frames of image in the first initial video. 

[0162] An embodiment of the present disclosure provides an electronic device. As shown 

in FIG. 6, the electronic device includes a processor 601, a memory 602, and a bus 603. The 

memory 602 stores machine readable instructions executable by the processor 601. When 

the electronic device runs, the processor 601 and the memory 602 communicate with each 

other via the bus 603. 

[0163] The machine readable instructions are executed by the processor 601 to implement 

the steps of the action transfer method: obtaining a first initial video involving an action 

sequence of an initial object; identifying a two-dimensional skeleton keypoint sequence of 

the initial object from several frames of image in the first initial video; converting the two-
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dimensional skeleton keypoint sequence into a three-dimensional skeleton keypoint 

sequence of a target object; generating a target video involving an action sequence of the 

target object based on the three-dimensional skeleton keypoint sequence. 

[0164] In addition to the above, the machine readable instructions are executed by the 

processor 601 to further implement method contents of any one embodiment described in 

the above method part and thus no redundant descriptions are made herein. 

[0165] An embodiment of the present disclosure further provides a computer program 

product corresponding to the above method and apparatus. The computer program product 

includes computer readable storage medium storing program codes. Instructions included 

in the program codes may be used to implement the method in the above method 

embodiments. The specific implementation may be referred to the method embodiments and 

no redundant descriptions are made herein. 

[0166] The differences between various embodiments are stressed in the above 

descriptions of various embodiments, with same or similar parts referred to each other. 

Therefore, for brevity, no redundant descriptions are made herein. 

[0167] Those skilled in the art may clearly understand that for convenience and 

simplification of descriptions, the specific working processes of the above system and 

apparatus may be referred to the corresponding processes of the above method embodiments 

and will not be repeated herein. In the several embodiments of the present disclosure, it 

should be understood that the system, apparatus and method disclosed herein may be 

implemented in another way. The apparatus embodiments described above are merely 

illustrative, for example, the division of the modules is only a logic functional division and 

the modules may be divided another way in actual implementation. For another example, a 

plurality of modules or components may be combined or integrated into another system or 

some features therein may be neglected or not executed. Furthermore, those mutual 

couplings, or direct couplings or communication connections shown or discussed herein 

may be made through some communication interfaces, and indirect couplings or 

communication connections between apparatuses or modules are in electrical or mechanical 

form or the like. 

[0168] The modules described as separate members may be or not be physically separated, 

and the members displayed as modules may be or not be physical units, e.g., may be located 

in one place, or may be distributed to a plurality of network units. Part or all of the modules 
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may be selected according to actual requirements to implement the objectives of the 

solutions in the embodiments. 

[0169] Furthermore, various functional units in various embodiments of the present 

disclosure may be integrated into one processing unit, or may be present physically 

separately, or two or more units thereof may be integrated into one unit. 

[0170] The functions, if implemented in the form of software functional units and sold or 

used as independent products, may be stored in a processor-executable non-volatile 

computer-readable storage medium. Based on such understanding, the technical scheme of 

the present disclosure essentially or a part contributing to the prior art or part of the technical 

scheme may be embodied in the form of a software product, the software product is stored 

in a storage medium, and includes several instructions for enabling a computer device (such 

as a personal computer, a server or a network device) to execute all or part of the steps of 

the method disclosed by the embodiments of the present disclosure; and the above storage 

mediums include various mediums such as a USB disk, a mobile hard disk, a read-only 

memory (ROM), a random access memory (RAM), a diskette or a compact disk and the like 

which may store program codes. 

[0171] The above descriptions are merely specific embodiments of the present disclosure 

to which the scope of protection of the present disclosure is not limited. Any changes or 

substitutions that easily occur to those skilled in the art in the technical scope of the present 

disclosure should fall in the scope of protection of the present disclosure. Therefore, the 

scope of protection of the present disclosure is indicated as in appended claims. 
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CLAIMS 

1. A method of action transfer, comprising: 

obtaining a first initial video involving an action sequence of an initial object; 

identifying a two-dimensional skeleton keypoint sequence of the initial object from 

plural frames of image in the first initial video; 

converting the two-dimensional skeleton keypoint sequence into a three-dimensional 

skeleton keypoint sequence of a target object; 

generating a target video involving an action sequence of the target object based on the 

three-dimensional skeleton keypoint sequence. 

 

2. The method of claim 1, wherein converting the two-dimensional skeleton keypoint 

sequence into the three-dimensional skeleton keypoint sequence of the target object 

comprises:  

determining an action transfer component sequence of the initial object based on the 

two-dimensional skeleton keypoint sequence; 

determining the three-dimensional skeleton keypoint sequence of the target object 

based on the action transfer component sequence of the initial object. 

 

3. The method of claim 2, wherein,  

before determining the three-dimensional skeleton keypoint sequence of the target 

object, the method further comprises: 

obtaining a second initial video involving the target object; 

identifying a two-dimensional skeleton keypoint sequence of the target object from 

plural frames of image in the second initial video, 

determining the three-dimensional skeleton keypoint sequence of the target object 

based on the action transfer component sequence of the initial object comprises: 

determining an action transfer component sequence of the target object based on 

the two-dimensional skeleton keypoint sequence of the target object; 

determining a target action transfer component sequence based on the action 

transfer component sequence of the initial object and the action transfer component 

sequence of the target object; 

determining the three-dimensional skeleton keypoint sequence of the target object 

based on the target action transfer component sequence. 
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4. The method of claim 2, wherein the action transfer component sequence of the initial 

object comprises a motion component sequence, an object structure component sequence, 

and a photographing angle component sequence, 

 wherein determining the action transfer component sequence of the initial object based 

on the two-dimensional skeleton keypoint sequence comprises: 

  for each of the plural frames of image in the first initial video, determining motion 

component information, object structure component information and photographing angle 

component information corresponding to the frame of image based on a two-dimensional 

skeleton keypoint corresponding to the frame of image; 

determining the motion component sequence based on the motion component 

information corresponding to each of the plural frames of image in the first initial video; 

  determining the object structure component sequence based on the object structure 

component information corresponding to each of the plural frames of image in the first 

initial video; 

  determining the photographing angle component sequence based on the 

photographing angle component information corresponding to each of the plural frames of 

image in the first initial video. 

 

5. The method of claim 1, wherein generating the target video involving the action sequence 

of the target object based on the three-dimensional skeleton keypoint sequence comprises: 

 generating a two-dimensional target skeleton keypoint sequence of the target object 

based on the three-dimensional skeleton keypoint sequence; 

 generating the target video involving the action sequence of the target object based on 

the two-dimensional target skeleton keypoint sequence. 

 

6. The method of any one of claims 1-5, wherein converting the two-dimensional skeleton 

keypoint sequence into the three-dimensional skeleton keypoint sequence of the target 

object comprises: 

 converting the two-dimensional skeleton keypoint sequence into the three-dimensional 

skeleton keypoint sequence of the target object by using an action transfer neural network. 
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7. The method of claim 6, further comprising steps of training the action transfer neural 

network: 

 obtaining a sample motion video involving an action sequence of a sample object; 

 identifying a first sample two-dimensional skeleton keypoint sequence of the sample 

object from plural frames of sample image in the sample motion video; 

 obtaining a second sample two-dimensional skeleton keypoint sequence by performing 

limb scaling for the first sample two-dimensional skeleton keypoint sequence; 

 determining a loss function based on the first sample two-dimensional skeleton 

keypoint sequence and the second sample two-dimensional skeleton keypoint sequence; 

 adjusting a network parameter of the action transfer neural network based on the loss 

function. 

 

8. The method of claim 7, wherein determining the loss function based on the first sample 

two-dimensional skeleton keypoint sequence and the second sample two-dimensional 

skeleton keypoint sequence comprises: 

 determining a first sample action transfer component sequence based on the first sample 

two-dimensional skeleton keypoint sequence; 

 determining a second sample action transfer component sequence based on the second 

sample two-dimensional skeleton keypoint sequence; 

 determining an estimated three-dimensional skeleton keypoint sequence based on the 

first sample action transfer component sequence; 

 determining the loss function based on the first sample action transfer component 

sequence, the second sample action transfer component sequence, and the estimated three-

dimensional skeleton keypoint sequence. 

 

9. The method of claim 8, wherein the loss function comprises a motion invariant loss 

function,  

wherein the first sample action transfer component sequence comprises first sample 

motion component information, first sample structure component information and first 

sample angle component information corresponding to each frame of sample image,  

wherein the second sample action transfer component sequence comprises second 

sample motion component information, second sample structure component information 
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and second sample angle component information corresponding to each frame of sample 

image, 

 wherein determining the loss function comprises: 

 based on the second sample motion component information, the first sample 

structure component information, and the first sample angle component information 

corresponding to each frame of sample image, determining first estimated skeleton 

keypoints corresponding to respective first sample two-dimensional skeleton keypoints in 

the first sample two-dimensional skeleton keypoint sequence; 

 based on the first sample motion component information, the second sample 

structure component information, and the second sample angle component information 

corresponding to each frame of sample image, determining second estimated skeleton 

keypoints corresponding to respective second sample two-dimensional skeleton keypoints 

in the second sample two-dimensional skeleton keypoint sequence; 

 based on the first estimated skeleton keypoints, the second estimated skeleton 

keypoints, the first sample motion component information, the second sample motion 

component information, and the estimated three-dimensional skeleton keypoint sequence, 

determining the motion invariant loss function. 

 

10. The method of claim 9, wherein the loss function further comprises a structure invariant 

loss function; 

 determining the loss function further comprises: 

  screening out first sample two-dimensional skeleton keypoints in sample images 

corresponding to a first moment and a second moment from the first sample two-

dimensional skeleton keypoint sequence; 

  screening out second sample two-dimensional skeleton keypoints in the sample 

images corresponding to the second moment and the first moment from the second sample 

two-dimensional skeleton keypoint sequence; 

  based on the first sample two-dimensional skeleton keypoints in the sample images 

corresponding to the first moment and the second moment, the second sample two-

dimensional skeleton keypoint in the sample images corresponding to the second moment 

and the first moment, and the estimated three-dimensional skeleton keypoint sequence, 

determining the structure invariant loss function. 
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11. The method of claim 10, wherein the loss function further comprises a view-angle 

invariant loss function, 

 wherein determining the loss function further comprises: 

  based on the first sample two-dimensional skeleton keypoints in the sample images 

corresponding to the first moment and the second moment, the first sample angle component 

information of the sample images corresponding to the first moment and the second moment, 

the second sample angle component information of the sample images corresponding to the 

first moment and the second moment and the estimated three-dimensional skeleton keypoint 

sequence, determining the view-angle invariant loss function. 

 

12. The method of claim 11, wherein the loss function further comprises a reconstruction 

recovery loss function, 

 wherein determining the loss function further comprises: 

  determining the reconstruction recovery loss function based on the first sample 

two-dimensional skeleton keypoint sequence and the estimated three-dimensional skeleton 

keypoint sequence. 

 

13. An apparatus for action transfer, comprising: 

 a video obtaining module, configured to obtain a first initial video involving an action 

sequence of an initial object; 

 a keypoint extracting module, configured to identify a two-dimensional skeleton 

keypoint sequence of the initial object from plural frames of image in the first initial video; 

 a keypoint converting module, configured to convert the two-dimensional skeleton 

keypoint sequence into a three-dimensional skeleton keypoint sequence of a target object; 

 an image rendering module, configured to generate a target video involving an action 

sequence of the target object based on the three-dimensional skeleton keypoint sequence. 

 

14. The apparatus of claim 13, wherein for converting the two-dimensional skeleton 

keypoint sequence into the three-dimensional skeleton keypoint sequence of the target 

object, the keypoint converting module is configured to: 

 determine an action transfer component sequence of the initial object based on the two-

dimensional skeleton keypoint sequence; 
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 determine the three-dimensional skeleton keypoint sequence of the target object based 

on the action transfer component sequence of the initial object. 

 

15. The apparatus of claim 14, wherein the video obtaining module is further configured to 

obtain a second initial video involving the target object; 

 the keypoint extracting module is further configured to identify a two-dimensional 

skeleton keypoint sequence of the target object from plural frames of image in the second 

initial video, 

 for determining the three-dimensional skeleton keypoint sequence of the target object 

based on the action transfer component sequence of the initial object, the keypoint 

converting module is configured to: 

  determine an action transfer component sequence of the target object based on the 

two-dimensional skeleton keypoint sequence of the target object; 

  determine a target action transfer component sequence based on the action transfer 

component sequence of the initial object and the action transfer component sequence of the 

target object; 

  determine the three-dimensional skeleton keypoint sequence of the target object 

based on the target action transfer component sequence. 

 

16. The apparatus of claim 14, wherein the action transfer component sequence of the initial 

object comprises a motion component sequence, an object structure component sequence, 

and a photographing angle component sequence, 

 for determining the action transfer component sequence of the initial object based on 

the two-dimensional skeleton keypoint sequence, the keypoint converting module is 

configured to: 

  for each of the plural frames of image in the first initial video, determine motion 

component information, object structure component information, and photographing angle 

component information of the initial object based on a two-dimensional skeleton keypoint 

corresponding to the frame of image; 

  determine the motion component sequence based on the motion component 

information corresponding to each of the plural frames of image in the first initial video; 
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  determine the object structure component sequence based on the object structure 

component information corresponding to each of the plural frames of image in the first 

initial video; 

  determine the photographing angle component sequence based on the 

photographing angle component information corresponding to each of the plural frames of 

image in the first initial video. 

 

17. An electronic device, comprising a processor, a storage medium and a bus, wherein the 

storage medium stores machine readable instructions executable by the processor; when the 

electronic device runs, the processor and the storage medium communicate with each other 

via the bus; the processor executes the machine readable instructions to implement the 

action transfer method according to any one of claims 1-12. 

 

18. A computer readable storage medium, storing computer programs, wherein the computer 

programs are executed by a processor to implement the action transfer method according to 

any one of claims 1-12. 

 

 

 


