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ADAPTIVE RIGID PRIOR MODEL TRAINING METHOD AND 

TRAINING APPARATUS, AND FACE TRACKING METHOD AND 

TRACKING APPARATUS 

 

CROSS-REFERENCE TO RELATED DISCLOSURE 

[0001] This application is based on and claims priority to Chinese Patent Application No. 

202010355935.7 filed on April 29, 2020, and the disclosure of which is herein incorporated by 

reference in its entirety. 

 

TECHNICAL FIELD 

[0002] The present disclosure relates to the field of processing images, and for example, relates 

to a method and apparatus for training an adaptive rigid prior model, and a method and apparatus 

for tracking faces. 

 

BACKGROUND 

[0003] Facial pose estimation is a significant topic in tracking faces in videos. Facial poses and 

facial expressions need to be tracked in real-time face tracking, and the real-time face tracking 

includes calculating a rigid transformation of a three-dimension face model, for example, rotation, 

translation, scaling, and the like. Stable facial pose estimation is applicable to achieving a vision 

enhancement effect, for example, trying on hats and glasses, adding beards and tattoos, and the 

like, and is also applicable to driving virtual characters to change expressions. 

[0004] In the real-time face tracking, the facial pose is estimated based on a motion of the face 

in the video. However, the motion of face in the video is not solely determined by the facial pose. 

In the case that the facial pose is fixed, different expressions of the user may cause the motion of 

the facial pose in the video. Thus, for acquiring the stable estimation of facial pose, an effect of 

the facial expression should be efficiently reduced in optimizing the facial pose, that is, the rigidity 

is stabilized. 

[0005] In some practices, for improvement of a calculation efficiency, rigidity stabilization of 

face tracking is achieved using a prior in a real-time rigidity stabilization method. Common priors 

are achieved by two relatively simpler methods: a heuristic prior for a specific facial region, and a 

dynamic rigid prior. For the heuristic prior, a fixed weight is used in different facial regions, but 

the heuristic prior is not applicable to all expressions. For the dynamic rigid prior, the weight is 

dynamically estimated by estimating displacements of each facial region, and thus, the dynamic 

rigid prior is applicable to different expressions. However, a trained model is merely applicable in 
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a face at a specific size, and is not adaptive to changes of the facial sizes in the video. Thus, the 

current rigid prior model fails to adapt all expressions and different facial sizes and estimate 

weights of a plurality of facial regions, such that the rigidity stabilization of facial pose estimation 

is not great, and the accuracy of tracking the faces is poor. 

 

SUMMARY 

[0006] Hereinafter is a summary of the subject matter of the present disclosure described in detail, 

and the summary is not intended to limit the protection scope of the claims. 

[0007] Embodiments of the present disclosure provide a method and apparatus for training an 

adaptive rigid prior model, and a method and apparatus for tracking faces, so as to solve the 

problem that a conventional rigid prior model fails to adapt all expressions and different facial 

sizes to estimate weights of a plurality of facial regions, such that the rigidity stabilization of facial 

pose estimation is not great, and the accuracy of tracking the faces is poor. 

[0008] In a first aspect, the embodiments of the present disclosure provide a method for training 

an adaptive rigid prior model. The method includes: 

[0009] initializing model parameters of the adaptive rigid prior model, wherein the model 

parameters are functions with facial sizes as independent variables, and the adaptive rigid prior 

model is configured to output weights of a plurality of facial regions of faces at different facial 

sizes; 

[0010] acquiring a plurality of frames of facial data of a same face by face tracking on training 

video data using the adaptive rigid prior model; 

[0011] updating the model parameters based on the plurality of frames of facial data; 

[0012] determining whether a condition of stopping updating the model parameters is satisfied; 

[0013] stopping, in response to the condition of stopping updating the model parameters being 

satisfied, updating the model parameters of the adaptive rigid prior model, and acquiring a final 

adaptive rigid prior model; and 

[0014] returning, in response to the condition of stopping updating the model parameters being 

not satisfied, to the step of acquiring the plurality of frames of facial data of the same face by face 

tracking on the training video data using the adaptive rigid prior model. 

[0015] In a second aspect, the embodiments of the present disclosure provide a method for 

tracking faces. The method includes: 

[0016] extracting a plurality of facial key points of a same face, initial facial expression 

parameters, and initial rigid transformation parameters in a plurality of frames of video data by 

face tracking on the video data; 
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[0017] determining facial sizes of faces in the plurality of frames of video data based on the 

plurality of facial key points; 

[0018] acquiring weights of a plurality of facial regions of the faces by inputting the facial sizes 

to a pre-trained adaptive rigid prior model; and 

[0019] acquiring optimal facial expression parameters based on the weights of the plurality of 

facial regions, the plurality of facial key points, the initial rigid transformation parameters, and the 

initial facial expression parameters, and determining the optimal facial expression parameters as 

results of face tracking on the plurality of frames of video data; 

[0020] wherein the adaptive rigid prior model is trained by the method for training the adaptive 

rigid prior model according to the embodiments of the present disclosure. 

[0021] In a third aspect, the embodiments of the present disclosure provide an apparatus for 

training an adaptive rigid prior model. The apparatus includes: 

[0022] a model parameter initializing module, configured to initialize model parameters of the 

adaptive rigid prior model, wherein the model parameters are functions with facial sizes as 

independent variables, and the adaptive rigid prior model is configured to output weights of a 

plurality of facial regions of faces at different facial sizes; 

[0023] a facial data acquiring module, configured to acquire a plurality of frames of facial data 

of a same face by face tracking on training video data using the adaptive rigid prior model; 

[0024] a model parameter updating module, configured to update the model parameters based on 

the plurality of frames of facial data; 

[0025] a stopping training condition determining module, configured to determine whether a 

condition of stopping updating the model parameters is satisfied; 

[0026] a model parameter stopping updating module, configured to stop updating the model 

parameters of the adaptive rigid prior model, and acquire a final adaptive rigid prior model. 

[0027] In a fourth aspect, the embodiments of the present disclosure provide an apparatus for 

tracking faces. The apparatus includes: 

[0028] a face tracking module, configured to extract a plurality of facial key points of a same 

face, initial facial expression parameters, and initial rigid transformation parameters in a plurality 

of frames of video data by face tracking on the video data; 

[0029] a facial size determining module, configured to determine facial sizes of faces in the 

plurality of frames of video data based on the plurality of facial key points; 

[0030] a weight predicting module, configured to acquire weights of a plurality of facial regions 

of the faces by inputting the facial sizes to a pre-trained adaptive rigid prior model; and 

[0031] an optimizing module, configured to acquire optimal facial expression parameters based 
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on the weights of the plurality of facial regions, the plurality of facial key points, the initial rigid 

transformation parameters, and the initial facial expression parameters, and determine the optimal 

facial expression parameters as results of face tracking on the plurality of frames of video data; 

[0032] wherein the adaptive rigid prior model is trained by the method for training the adaptive 

rigid prior model according to the embodiments of the present disclosure. 

[0033] In a fifth aspect, the embodiments of the present disclosure provide an electronic device. 

The electronic device includes: 

[0034] one or more processors; 

[0035] a memory configured to store one or more programs; 

[0036] wherein the one or more processors, when loading and executing the one or more 

programs, are caused to perform the method for training the adaptive rigid prior model and/or the 

method for tracking the faces according to any one of the embodiments of the present disclosure. 

[0037] In a sixth aspect, the embodiments of the present disclosure provide a computer-readable 

storage medium. The computer-readable storage medium stores one or more computer programs, 

wherein the one or more programs, when loaded and run by a processor, causes the processor to 

perform the method for training the adaptive rigid prior model and/or the method for tracking the 

faces according to any one of the embodiments of the present disclosure. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1 is a flowchart of steps of a method for training an adaptive rigid prior model 

according to some embodiments of the present disclosure; 

[0039] FIG. 2A is a flowchart of steps of another method for training an adaptive rigid prior 

model according to some embodiments of the present disclosure; 

[0040] FIG. 2B is a schematic diagram of a division of a plurality of facial regions according to 

some embodiments of the present disclosure; 

[0041] FIG. 2C is a flowchart of training an adaptive rigid prior model according to some 

embodiments of the present disclosure; 

[0042] FIG. 3 is a flowchart of steps of a method for tracking faces according to some 

embodiments of the present disclosure; 

[0043] FIG. 4 is a block diagram of an apparatus for training an adaptive rigid prior model 

according to some embodiment of the present disclosure; 

[0044] FIG. 5 is a block diagram of an apparatus for tracking faces according to some 

embodiments of the present disclosure; and 

[0045] FIG. 6 is a schematic structural diagram of an electronic device according to some 
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embodiments of the present disclosure. 

 

DETAILED DESCRIPTION 

[0046] It should be noted that the examples and embodiments described herein are merely used 

to explain the present disclosure, and are not intended to limit the present disclosure. It should be 

further noted that the accompany drawings merely show structures related to the present disclosure 

but all structures. The embodiments of the present disclosure can be combined with the features 

of the embodiments without conflict. 

[0047] FIG. 1 is a flowchart of steps of a method for training an adaptive rigid prior model 

according to some embodiments of the present disclosure. The embodiments of the present 

disclosure are applicable to a case of training a rigid prior model to estimate weights of a plurality 

of facial regions of faces at different facial sizes. The method is applicable to the apparatus for 

training the adaptive rigid prior model according to the embodiments of the present disclosure, 

and the apparatus for training the adaptive rigid prior model is implemented by a hardware or a 

software, and is integrated in the electronic device according to the embodiments of the present 

disclosure. In some embodiments, as shown in FIG. 1, the method for training the adaptive rigid 

prior model includes the following steps. 

[0048] In S101, model parameters of the adaptive rigid prior model are initialized, wherein the 

model parameters are functions with facial sizes as independent variables, and the adaptive rigid 

prior model is configured to output weights of a plurality of facial regions of faces at different 

facial sizes. 

[0049] In the embodiments of the present disclosure, the face is divided into a plurality of facial 

regions. In the case that the face evinces an expression, displacements of the plurality of facial 

regions of the faces relative to a neutral face are generated. The neutral face is a face of the user 

without facial expression, and the neutral face is generated for each user. As a motion of each of 

the plurality of facial regions affects a face rigid transformation, for stable rigid transformation, it 

is desirable that the facial region with greater displacement has a less weight in the rigid 

transformation, and the facial region with less displacement has a greater weight in the rigid 

transformation in facial pose estimation. 

[0050] In the embodiments of the present disclosure, the adaptive rigid prior model is configured 

to output the weights of the plurality of facial regions of the faces at different facial sizes, and the 

model parameters are the functions with the facial sizes as the independent variables. 

[0051] In S102, a plurality of frames of facial data of a same face are acquired by face tracking 

on training video data using the adaptive rigid prior model. 
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[0052] In the embodiments of the present disclosure, the training video data is video data of a 

user. In the faces of the user in the video data, more than half of the faces are faces at different 

sizes without facial expression, and other faces are faces of the user at different sizes with different 

facial expressions. The face tracking is a process of extracting facial key points of the same user 

from the training video data, establishing three-dimension faces, rigidly transforming the three-

dimension faces, and acquiring optimal rigid transformation parameters and optimal facial 

expression parameters. 

[0053] In some embodiments, in face tracking on the training video facial data, the facial key 

points 𝑄𝑓  and the facial expression parameters 𝑄𝑓  of the faces in the plurality of frames of 

training video data are extracted. The facial key points 𝑄𝑓 are two-dimensional points of face key 

sites. The facial key points extracted by a pre-trained facial key point detection model, the facial 

sizes of the faces are determined based on the facial key points of the faces, and the displacements 

of the plurality of facial regions of the faces relative to the neutral face of the faces are calculated 

by multiplying the facial expression parameters 𝑄𝑓 by a predetermined blend shape deformer 

𝐵𝑒𝑥𝑝. The predetermined blend shape deformer 𝐵𝑒𝑥𝑝 is a tool for producing facial expression 

animations, and is capable of achieving a smooth and high precision deformation effect of basic 

objects by target shape objects. In the embodiments of the present disclosure, the blend shape 

deformer 𝐵𝑒𝑥𝑝  is predetermined for a plurality of users, and the blend shape deformer 

predetermined for a user is acquired in the case that the video data of the user is determined as the 

training video data.  

[0054] In the embodiments of the present disclosure, in the case that the face tracking is 

performed on the training video, the facial sizes of the faces in the plurality of frames of the video 

data are acquired, and the displacements of the plurality of facial regions relative to the neutral 

face are acquired by optimizing rigid transformation parameters and facial expression parameters 

and determined as the facial data. 

[0055] In S103, the model parameters are acquired based on the plurality of frames of facial data. 

[0056] In the embodiments of the present disclosure, the facial data includes facial sizes and the 

displacements of the plurality of facial regions of faces relative to the neutral face, the faces at 

different facial sizes extracted from the training video data are organized to a plurality of face 

containers based on the facial sizes. For the faces in each of the plurality of face containers, an 

average value of the facial sizes of the faces in the face container is calculated, and in the case that 

the facial sizes are the average value, data points of the model parameters of the adaptive rigid 

prior model are acquired by analyzing the displacements of the plurality of facial regions of the 

faces in the plurality of face containers. Then, the data points of the model parameters 
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corresponding to different average values are interpolated, so as to acquire the model parameters 

and take the model parameters as new model parameters of the adaptive rigid prior model. The 

model parameters are functions of the facial sizes, that is, the model parameters are a spline curve. 

In the spline curve, the facial size is used as an independent variable, and the model parameter is 

used as a dependent variable. 

[0057] In S104, whether a condition of stopping updating the model parameters is satisfied is 

determined. 

[0058] In the embodiments of the present disclosure, a condition of stopping updating the model 

parameters is that difference values of the model parameters acquired by two adjacent updates are 

less than a first predetermined threshold, or the number of updates of the model parameters reaches 

to a preset number. S105 is performed in the case that the difference values of the model 

parameters acquired by two adjacent updates are less than a second predetermined threshold. In 

the case that the difference values of the model parameters acquired by two adjacent updates are 

greater than or equal to the first predetermined threshold, the process is returned to S102 of 

acquiring the plurality of frames of facial data of the same face by face tracking on training video 

data using the adaptive rigid prior model with updated model parameters, and the model 

parameters are re-updated based on the facial data. In some embodiments, S105 is performed in 

the case that the number of updates of the model parameters reaches to the preset number. I In the 

case that the number of updates of the model parameters does not reach to the preset number, the 

process is returned to S102 of acquiring the plurality of frames of facial data of the same face by 

face tracking on training video data using the adaptive rigid prior model with updated model 

parameters, and the model parameters are re-updated based on the facial data. 

[0059] In S105, updating of the model parameters of the adaptive rigid prior model is stopped in 

response to the condition of stopping updating the model parameters being satisfied, and a final 

adaptive rigid prior model is acquired. 

[0060] In the case that the condition of stopping updating the model parameters is satisfied, the 

adaptive rigid prior model with finally updated model parameters is a trained model, and the 

trained adaptive rigid prior model is deployed on a client, a server, or the like. In face tracking, the 

adaptive rigid prior model is capable of assigning different weights to different regions based on 

real time facial sizes of the faces and the displacements of the plurality of facial regions of the 

faces. 

[0061] In the embodiments of the present disclosure, the model parameters of the adaptive rigid 

prior model are functions with the facial sizes as independent variables, and the adaptive rigid 

prior model is configured to output the weights of the plurality of facial regions of the faces at 
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different facial sizes. In the case that the model parameters are initialized, the plurality of frames 

of facial data of the same face are acquired by face tracking on the training video data using the 

adaptive rigid prior model, the model parameters are updated based on the plurality of frames of 

facial data, the model parameters of the adaptive rigid prior model is stopped updating in response 

to the condition of stopping updating the model parameters being satisfied, and the final adaptive 

rigid prior model is acquired. In applying the trained adaptive rigid prior model to face tracking, 

the adaptive rigid prior model is capable of assigning different weights to different regions based 

on real time facial sizes of the faces and the displacements of the plurality of facial regions of the 

faces, such that rigidity stabilization of face tracking is improved, and a robust result of face 

tracking is achieved. 

[0062] FIG. 2A is a flowchart of steps of another method for training an adaptive rigid prior 

model according to some embodiments of the present disclosure. The embodiments of the present 

disclosure are refined on the basis of above embodiment. In some embodiments, as shown in FIG. 

2A, the method for training the adaptive rigid prior model according to the embodiments of the 

present disclosure includes the following steps. 

[0063] In S201, model parameters of the adaptive rigid prior model are initialized, wherein the 

model parameters are functions with facial sizes as independent variables, and the adaptive rigid 

prior model is configured to output weights of a plurality of facial regions of faces at different 

facial sizes. 

[0064] In the embodiments of the present disclosure, the adaptive rigid prior model is defined as: 

𝑤𝑠
𝑘(𝑑𝑘) = {

𝛼𝑘(𝑠)𝑒𝑥𝑝 (−
𝛾𝑘(𝑠)

𝛽𝑘(𝑠)
) 𝑑𝑘 < 𝛾𝑘(𝑠)

𝛼𝑘(𝑠)𝑒𝑥𝑝 (−
𝑑𝑘

𝛽𝑘(𝑠)
) 𝑑𝑘 ≥ 𝛾𝑘(𝑠)

        (1). 

[0065] 𝑠 represents the facial size of the face, 𝑤𝑠
𝑘(∙) represents a weight of a kth facial region 

in the face with the facial size being 𝑠, 𝛼𝑘(𝑠), 𝛽𝑘(𝑠), and 𝛾𝑘(𝑠) represent the model parameters, 

𝛼𝑘(𝑠), 𝛽𝑘(𝑠), and 𝛾𝑘(𝑠) are functions of two-dimensional facial sizes 𝑠, and 𝑑𝑘 represents the 

displacement of the kth facial region. 

[0066] FIG. 2B is a schematic diagram of a division of a plurality of facial regions of a face 

according to some embodiments of the present disclosure. In the embodiments of the present 

disclosure, the face is divided to seven regions, that is, k is a natural number from 1 to 7. Weights 

of the plurality of face facial regions of the faces at all facial sizes are initialized to be 1 in 

initializing the model parameters of the adaptive rigid prior model. 

[0067] In S202, facial key points and facial expression parameters of faces in a plurality of frames 

of the training video data are extracted by face tracking on the training video data. 
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[0068] In the embodiments of the present disclosure, for each frame of video data 𝑓 in the 

training video data F, a face in each frame of video data 𝑓 is determined based on following 

parameters: 

(𝑃𝑓 , 𝛿𝑓 , 𝑄𝑓). 

[0069] 𝑃𝑓  represents a rigid transformation parameter, 𝛿𝑓  represents a facial expression 

parameter, and 𝑄𝑓 represents a facial key point. 

[0070] The rigid transformation parameter 𝑃𝑓  and the facial expression parameter 𝛿𝑓  are 

unknown parameters, and facial key point 𝑄𝑓 is a known parameter and is acquired by detecting 

the facial key point in face tracking. 

[0071] In S203, the facial sizes of the faces are determined based on the facial key points. 

[0072] In the case that the facial key points are determined, a face frame is determined based on 

the facial key points, and a length of a diagonal line of the face frame is used as the facial size of 

the face in each frame of video data 𝑓. 

[0073] In S204, displacements of the plurality of facial regions of the faces relative to a neutral 

face of the faces are calculated based on the adaptive rigid prior model, the facial expression 

parameters, and a predetermined blend shape deformer. 

[0074] In the embodiments of the present disclosure, three-dimension faces are constructed based 

on the neutral face, the facial expression parameters, and the predetermined blend shape deformer, 

and the three-dimension face models is rigidly transformed. A rigid transformation optimization 

function is constructed based on the weights calculated based on the rigid transformation, the facial 

key points, and the adaptive rigid prior model. In the case that optimal rigid transformation 

parameters are acquired by solving the rigid transformation optimization function, optimal facial 

expression parameters are acquired based on the optimal rigid transformation parameters, and the 

displacements of the plurality of facial regions of the faces are acquired based on the optimal facial 

expression parameters. 

[0075] In the embodiments of the present disclosure, one three-dimension face is determined 

based on each of the facial expression parameters: 

𝐹𝑓 = 𝐵𝑢𝑠𝑒𝑟 + 𝐵𝑒𝑥𝑝𝛿𝑓. 

[0076] 𝐵𝑢𝑠𝑒𝑟 represents the neutral face of the user without expression, and the face of the user 

without expression is pre-acquired, that is, the neutral face. 𝐵𝑒𝑥𝑝  represents a blend shape 

deformer of the user. The facial displacement 𝐵𝑒𝑥𝑝𝛿𝑓 of the face in the video data 𝑓, that is, the 

three-dimension face, is acquired by adding a plurality of expressions to the neutral face of the 

user. 

[0077] In face tracking, the optimal result is acquired by solving the following optimization 
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function: 

(𝑃𝑓 , 𝛿𝑓) = argmin (∑ ‖Π (𝑃𝑓(𝐵𝑢𝑠𝑒𝑟 + 𝐵𝑒𝑥𝑝𝛿𝑓))
𝑖

− 𝑄𝑓
𝑖 ‖

2

𝑖 ). 

[0078] 𝑃𝑓(∙)  represents the rigid transformation on the three-dimension face 𝐹𝑓 , Π(∙) 

represents a two-dimensional projection (an orthogonal projection or a perspective projection) on 

the three-dimension face. Above optimization function is solved using a coordinate descent: 

𝑃𝑓,𝑗 = 𝑎𝑟𝑔𝑚𝑖𝑛 (∑ 𝑤𝑘𝑖 ‖𝛱 (𝑃𝑓(𝐵𝑢𝑠𝑒𝑟 + 𝐵𝑒𝑥𝑝𝛿𝑓,𝑗−1))
𝑖

− 𝑄𝑓
𝑖 ‖

2

𝑖 )  (2); 

𝛿𝑓,𝑗 = 𝑎𝑟𝑔𝑚𝑖𝑛 (∑ ‖𝛱 (𝑃𝑓,𝑗(𝐵𝑢𝑠𝑒𝑟 + 𝐵𝑒𝑥𝑝𝛿𝑓))
𝑖

− 𝑄𝑓
𝑖 ‖

2

𝑖 )  (3). 

[0079] The function (2) is the rigid transformation function, 𝑤𝑘𝑖  represents a weight of the 

facial region 𝑘 of the facial key point i of the face in the training video data 𝑓, 𝑗 represents an 

iteration number. For initial value 𝛿𝑓,0 = 𝛿𝑓−1 , the expression optimization function (3) is 

iteratively solved. The optimal facial expression parameter 𝛿𝑓 is acquired in the case that the 

expression optimization function (3) converges, and the optimal facial expression parameter 𝛿𝑓 

is the expression parameter of last iteration. On this basis, the facial displacement 𝐵𝑒𝑥𝑝𝛿𝑓 of the 

face in the video data 𝑓 is calculated, and the displacements of the plurality of facial regions 

relative to the neutral face are acquired based on the division of the plurality of facial regions 

shown in FIG. 2B. 

[0080] In S205, the faces are organized to a plurality of face containers based on the facial sizes. 

[0081] In the embodiments of the present disclosure, in the case that the face tracking is 

performed on the training video data, the following facial data is extracted from each frame of 

video data 𝑓𝜖𝐹: 

(𝑠𝑓 , {𝑑𝑓
𝑘}

𝑘𝜖𝐾
). 

[0082] 𝑠𝑓  represents the facial size of the face in the video data 𝑓, {𝑑𝑓
𝑘}

𝑘𝜖𝐾
 represents the 

displacement of the kth facial region of the face in the video data 𝑓 relative to the neutral face. 

[0083] In the embodiments of the present disclosure, a histogram analysis is performed on all 

facial sizes {𝑠𝑓}
𝑓𝜖𝐹

 of the faces, and the faces extracted from the video data 𝑓 are organized to 

𝑛 face containers 𝐶𝑖
 . In some embodiments, a maximum facial size and a minimum facial size 

are first determined, a size range from the maximum facial size to the minimum facial size is 

evenly divided into a plurality of size ranges, the plurality of size ranges are used as facial size 

ranges of the plurality of face containers. Target facial size ranges of the facial sizes of the faces 

are determined, and the faces are organized to face containers within the target facial size ranges. 

[0084] In some embodiments, the faces are organized to 𝑛  face containers 𝐶𝑖
  based on 
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following formula: 

[𝑠𝑚𝑖𝑛 +
𝑖−1

𝑛
(𝑠𝑚𝑎𝑥 − 𝑠𝑚𝑖𝑛)，𝑠𝑚𝑖𝑛 +

𝑖

𝑛
(𝑠𝑚𝑎𝑥 − 𝑠𝑚𝑖𝑛)]. 

[0085] 𝑠𝑚𝑖𝑛 = 𝑚𝑖𝑛𝑓𝜖𝐹{𝑠𝑓}, that is, the minimum facial size. 𝑠𝑚𝑎𝑥 = 𝑚𝑎𝑥𝑓𝜖𝐹{𝑠𝑓}, that is, the 

maximum facial size. 

[0086] A middle value 𝑠𝑖 of the facial sizes in the face container is: 

𝑠𝑖 = 𝑠𝑚𝑖𝑛 +
2𝑖−1

2𝑛
(𝑠𝑚𝑎𝑥 − 𝑠𝑚𝑖𝑛). 

[0087] In the case that the number of faces in the face container 𝐶𝑖
  is less than a threshold, for 

example, the number of the faces in the face container 𝐶𝑖
  is less than 10000, the face container is 

discarded. In the case that the histogram analysis is performed on the facial sizes: 

𝐹 = ⋃ 𝐹𝑖
𝑛
𝑖=1 ,        𝐹𝑖 ∩  𝐹𝑗 = ∅, 𝑖 ≠ 𝑗. 

[0088] That is, all faces F are a union of faces 𝐹𝑖 in the plurality of face containers 𝐶𝑖
 , and an 

intersection of faces 𝐹𝑖 and faces 𝐹𝑗 in any two face containers 𝐶𝑖
 and 𝐶𝑗

 is null. 

[0089] In S206, average values of the facial sizes of the faces in the plurality of face containers 

are calculated. 

[0090] In some embodiments, for the faces in each of the plurality of face containers 𝐶𝑖
 , 𝑠𝑖 =

𝑚𝑒𝑎𝑛𝑓𝜖𝐹𝑖
{𝑠𝑓}, that is, the average values 𝑠𝑖 of the facial sizes of the faces in the plurality of face 

containers 𝐶𝑖
  are calculated. 

[0091] In S207, in the case that the facial sizes are the average values, data points of the model 

parameters of the adaptive rigid prior model are acquired by analyzing the displacements of the 

plurality of facial regions of the faces in the plurality of face containers. 

[0092] In some embodiments, S207 includes following sub-steps. 

[0093] In S2071, maximum displacements of the plurality of facial regions are determined based 

on facial image data of the faces for the plurality of facial regions of the faces in the plurality of 

face containers. 

[0094] For the plurality of faces in the plurality of face containers 𝐶𝑖
 , each face includes a 

plurality of facial regions. For each facial region 𝑘, the maximum displacement of the facial region 

k is determined: 

𝜂𝑖
𝑘 = 𝑚𝑎𝑥𝑓𝜖𝐹𝑖

{𝑑𝑓
𝑘}

 
. 

[0095] In above formula, 𝐹𝑖  is the face in the face containers 𝐶𝑖
 , 𝜂𝑖

𝑘  is the maximum 

displacement of the facial region k in the face containers 𝐶𝑖
 . 

[0096] In S2072, the displacements of the plurality of facial regions are organized to a plurality 

of displacement containers. 
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[0097] In the embodiments of the present disclosure, for each facial region, a histogram analysis 

is performed on the displacements of the facial region, and the displacements of the facial region 

are organized to m displacement containers. For the organization process, reference may be made 

to S205 of performing the histogram analysis on facial sizes. 

[0098] In S2073, a displacement container containing a greatest number of displacements in the 

plurality of displacement containers is determined as a maximum displacement container. 

[0099] In some embodiments, numbers of the displacements in the plurality of displacement 

containers are counted, and the displacement container containing a greatest number of 

displacements is determined as the maximum displacement container. 

[00100] In S2074, a middle displacement of the plurality of displacements in the maximum 

displacement container is determined as a data point of a first model parameter. 

[00101] In some embodiments, the plurality of displacements 𝑑𝑓
𝑘 in the maximum displacement 

container are ranked in descending order or in ascending order, the displacement 𝛾𝑖
𝑘 in the middle 

is determined as the data point of the first model parameter with the face size being the average 

value, one data point {(𝑠𝑖, 𝛾𝑖
𝑘)}

𝑖∈𝐼
 of the first model parameter is acquired. 𝐼 = {1,2, … , 𝑛}, and 

𝑛 is the number of the face containers. 

[00102] In S2075, a data point of a second model parameter and a data point of a third model 

parameter are calculated based on the maximum displacements of the plurality of facial regions, 

the middle displacement, a predetermined maximum weight, a predetermined minimum weight, 

and the data point of the first model parameter. 

[00103] In the case that the facial sizes are the average values, the data points of the model 

parameters of the adaptive rigid prior model include: the data point of the first model parameter, 

the data point of the second model parameter, and the data point of the third model parameter. 

[00104] As shown in FIG. 2B, for the division of the facial regions according to the embodiments 

of the present disclosure, a desired weight range is freely set for each facial region, for example, 

seven facial regions shown in FIG. 2B. The facial region 1 and the facial region 2 are symmetric, 

and thus the facial region 1 and the facial region 2 are combined to be trained. Similarly, the facial 

region 3 and the facial region 5 are combined to be trained. That is, ws
1(∙) = ws

2(∙), and 𝑤𝑠
3(∙) =

𝑤𝑠
5(∙). In addition, as the facial region 4 is the nose of the face, the displacement of the nose is 

least, and the nose is most stable in the case that the user evinces an expression, a greater weight 

is assigned to the facial region 4. Similarly, the facial region 3 and the facial region 5 include 

profile points of the face, and is relatively stable, and thus, a greater weight is assigned to the facial 

region 3 and the facial region 5. The facial region 1 and the facial region 2 are eye portions, the 

facial region 6 and the facial region 7 are mouth portions, and the displacements of the eye portions 
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and the mouth portions are greater in the case that the user evinces an expression, which may cause 

instable rigid transformation. Thus, a less weight is assigned to the facial region 1, the facial region 

2, the facial region 6, and the facial region 7. The weight ranges of the plurality of facial regions 

are set as the following table: 

Region k 1 and 2 3 and 5 4 6 7 

Maximum weight 

𝑤𝑚𝑎𝑥
𝑘  

1 1.5 2 1 1 

Minimum weight 

𝑤𝑚𝑖𝑛
𝑘  

0.0001 1 1 0.0001 0.0001 

[00105] In practice, a person skilled in the art is capable of dividing the face into the facial regions 

and setting the corresponding weight ranges in other ways, the means of dividing the facial regions 

and setting the weight ranges is not limited in the embodiments of the present disclosure. 

[00106] In the embodiments of the present disclosure, the data point of the second model 

parameter, and the data point of the third model parameter are calculated in following formulas: 

𝛽𝑖
𝑘 =

𝜂𝑖
𝑘−𝛾𝑖

𝑘

𝑙𝑛
𝑤𝑚𝑎𝑥

𝑘

𝑤𝑚𝑖𝑛
𝑘

, and 

𝛼𝑖
𝑘 = 𝑤𝑚𝑎𝑥

𝑘 𝑒𝑥𝑝 (
𝛾𝑖

𝑘

𝛽𝑖
𝑘). 

[00107] In above formulas, 𝛽𝑖
𝑘 represents the data point of the second model parameter with the 

facial sizes being the average values, 𝛼𝑖
𝑘 represents the data point of the third model parameter 

with the facial sizes being the average values, 𝑤𝑚𝑎𝑥
𝑘  represents the maximum weight of the facial 

region k, and 𝑤𝑚𝑖𝑛
𝑘  represents the minimum weight of the facial region k. 

[00108] In S208, the model parameters are acquired by interpolating the data points of the model 

parameters corresponding to different average values, and the model parameters are determined as 

new model parameters of the adaptive rigid prior model, wherein the model parameters are 

functions of the facial sizes. 

[00109] In some embodiments, the first model parameter, the second model parameter, and the 

third model parameter are acquired by spline interpolating the data point of the first model 

parameter, the data point of the second model parameter, and the data point of the third model 

parameter in the case that the facial sizes are the average values, and the first model parameter, the 

second model parameter, and the third model parameter are determined as the new model 

parameters of the adaptive rigid prior model. The first model parameter, the second model 

parameter, and the third model parameter are the functions of the facial sizes. In some 
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embodiments, one spline interpolation is performed on the data points of the plurality of model 

parameters at different facial sizes, that is, the data points of the plurality of model parameters are 

connected by straight segments, so as to acquire the functions of the plurality of model parameters 

and the facial sizes. 

[00110] As an average value is determined and used as the face sizes for each face container 𝐶𝑖
 , 

and the data points 𝛼𝑖
𝑘, 𝛽𝑖

𝑘, and 𝛾𝑖
𝑘 are determined in the case that the facial sizes are 𝑠𝑖 for 

each face container 𝐶𝑖
 , the following data points are determined for each face container 𝐶𝑖

 : 

{(𝑠𝑖, 𝛼𝑖
𝑘)}

𝑖∈𝐼
, {(𝑠𝑖, 𝛽𝑖

𝑘)}
𝑖∈𝐼

, {(𝑠𝑖, 𝛾𝑖
𝑘)}

𝑖∈𝐼
. 

[00111] The model parameters 𝛼𝑘(𝑠), 𝛽𝑘(𝑠), and 𝛾𝑘(𝑠) of the adaptive rigid prior model 𝑤𝑠
𝑘(∙

) are acquired by interpolating the plurality of data points of the plurality of face containers 𝐶𝑖
 . 

The model parameters 𝛼𝑘(𝑠), 𝛽𝑘(𝑠), and 𝛾𝑘(𝑠) are functions of the facial sizes 𝑠, that is, the 

facial sizes 𝑠 is the independent variable. That is, in face tracking, in the case that the facial sizes 

𝑠 are determined, the model parameters 𝛼𝑘(𝑠), 𝛽𝑘(𝑠), and 𝛾𝑘(𝑠) of the adaptive rigid prior 

model 𝑤𝑠
𝑘(∙) are determined, and the weights of the plurality of facial regions are determined by 

the adaptive rigid prior model 𝑤𝑠
𝑘(∙). 

[00112] In S209, whether a condition of stopping updating the model parameters is satisfied is 

determined. 

[00113] In the embodiments of the present disclosure, difference values between model 

parameters acquired by two updates are calculated, whether the difference values are less than a 

first predetermined threshold is determined, and whether the condition of stopping updating the 

model parameters is satisfied is determined. That is, whether the difference values between model 

parameters acquired by two updates are less than the first predetermined threshold is determined, 

and S201 is performed in the case that the condition of stopping updating the model parameters is 

satisfied. In the case that the condition of stopping updating the model parameters is not satisfied, 

the face tracking is further performed on the training video data by the adaptive rigid prior model 

𝑤𝑠
𝑘(∙) with updated model parameters, and the model parameters are further updated based on the 

data acquired by face tracking. 

[00114] In practice, the number of updates of the model parameters is counted, and whether the 

number of updates is greater than a second predetermined threshold is determined. In the case that 

the number of updates is greater than the second predetermined threshold, the condition of 

stopping updating the model parameters is satisfied, and thus S210 is performed. In the case that 

the number of updates is less than or equal to the second predetermined threshold, the process 

returns to S202. 

[00115] In S210, updating the model parameters of the adaptive rigid prior model is stopped 
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updating in response to the condition of stopping updating the model parameters being satisfied, 

and a final adaptive rigid prior model is acquired. 

[00116] In the case that the condition of stopping updating the model parameters is satisfied, the 

adaptive rigid prior model with finally updated model parameters is a trained model, and the 

trained adaptive rigid prior model is deployed on a client, a server, or the like. In face tracking, the 

adaptive rigid prior model is capable of assigning different weights to different regions based on 

real time facial sizes of the faces and the displacements of the plurality of facial regions of the 

faces. 

[00117] For clearer description of the method for training an adaptive rigid prior model in the 

embodiments of the present disclosure, illustration is given hereinafter in conjunction with FIG. 

2C. 

[00118] As shown in FIG. 2C, the flowchart of training the adaptive rigid prior model in the 

example is as follows: 

[00119] S0, the adaptive rigid prior model 𝑤𝑠
𝑘(∙) is initialized to be 1. 

[00120] That is, the model parameters of the adaptive rigid prior model are initialized, such that 

the weights of the plurality of facial regions of the faces at different facial sizes are 1. 

[00121] S1, face tracking is performed on a video data F, and facial data {(𝑠𝑓 , {𝑑𝑓
𝑘}

𝑘𝜖𝐾
)}

𝑓𝜖𝐹
 is 

extracted. 

[00122] S2, a histogram analysis is performed on {𝑠𝑓}
𝑓𝜖𝐹

 of 𝑛 containers. 

[00123] S3, for each container 𝐶𝑖
 , 𝑖 ∈ 𝐼, 𝑠𝑖 = 𝑚𝑒𝑎𝑛𝑓𝜖𝐹𝑖

{𝑠𝑓}. 

[00124] S4, for each facial region 𝑘 ∈ 𝐾, 𝜂𝑖
𝑘 = 𝑚𝑎𝑥𝑓𝜖𝐹𝑖

{𝑑𝑓
𝑘}. 

[00125] S5, a histogram analysis is performed on {𝑑𝑓
𝑘}

𝑓𝜖𝐹𝑖
 of 𝑚 containers. 

[00126] S6, 𝛾𝑖
𝑘 is equal to a middle displacement of a maximum container. 

[00127] S7, 𝛽𝑖
𝑘 =

𝜂𝑖
𝑘−𝛾𝑖

𝑘

𝑙𝑛
𝑤𝑚𝑎𝑥

𝑘

𝑤𝑚𝑖𝑛
𝑘

, and 𝛼𝑖
𝑘 = 𝑤𝑚𝑎𝑥

𝑘 𝑒𝑥𝑝 (
𝛾𝑖

𝑘

𝛽𝑖
𝑘). 

[00128] S8, for each facial region 𝑘 ∈ 𝐾, discrete points with 𝛼𝑘(𝑠) = {(𝑠𝑖, 𝛼𝑖
𝑘)}

𝑖∈𝐼
, discrete 

points with  𝛽𝑘(𝑠) = {(𝑠𝑖, 𝛽𝑖
𝑘)}

𝑖∈𝐼
, and discrete points with 𝛾𝑘(𝑠) = {(𝑠𝑖, 𝛾𝑖

𝑘)}
𝑖∈𝐼

 are spline 

interpolated. 

[00129] S9, 𝑤𝑠
𝑘(∙) is updated. 

[00130] S10, whether to stop training is determined, S11 is performed in response to a result of 

stopping training, and S12 is performed in response to a result of not stopping training. 

[00131] S11, model parameters are output. 
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[00132] S12, the face tracking is performed using updated 𝑤𝑠
𝑘(∙). 

[00133] For details about the parameters in the formula in above example, reference may be made 

to S205 to S208, which are not described in detail herein. 

[00134] In the embodiments of the present disclosure, in the case that the model parameters of the 

adaptive rigid prior model is initialized, the facial key points and the facial expression parameters 

of the faces in the plurality of frames of the training video data are extracted by face tracking on 

the training video data, the facial sizes of the faces are determined based on the facial key points, 

and the displacements of the plurality of facial regions of the faces relative to the neutral face of 

the faces are calculated using the adaptive rigid prior model, the facial expression parameters, and 

the predetermined blend shape deformer. The faces are organized to a plurality of face containers 

based on the facial sizes, and the average values of the facial sizes of the faces are calculated. In 

the case that the facial sizes are the average values, the data points of the model parameters of the 

adaptive rigid prior model are acquired by analyzing the displacements of the plurality of facial 

regions of the faces in the plurality of face containers. The data points of the model parameters 

corresponding to different average values are interpolated, so as to acquire the model parameters 

and determine the model parameters as new model parameters of the adaptive rigid prior model. 

Updating of the model parameters is stopped in response to the condition of stopping updating 

being satisfied. Otherwise, the model parameters are further updated by face tracking on the 

training video data. In applying the trained adaptive rigid prior model to face tracking, the adaptive 

rigid prior model is capable of assigning different weights to different regions based on real-time 

facial sizes of the faces and the displacements of the plurality of facial regions of the faces, such 

that rigidity stabilization of face tracking is improved, and the a result of face tracking is achieved. 

[00135] In some embodiments, the adaptive rigid prior model is a piecewise function, such that a 

greater weight caused by less displacement of facial region can be avoided, and the stability of 

face tracking is ensured. 

[00136] FIG. 3 is a flowchart of steps of a method for tracking faces according to some 

embodiments of the present disclosure. The embodiments of the present disclosure are applicable 

to a case of tracking faces in videos. The method is performed by the apparatus for tracking the 

faces according to the embodiments of the present disclosure, and the apparatus for tracking the 

faces is implemented by a hardware or a software, and is integrated in the electronic device 

according to the embodiments of the present disclosure. In some embodiments, as shown in FIG. 

1, the method for training the adaptive rigid prior model according to the embodiments of the 

present disclosure includes the following steps. 

[00137] In S301, a plurality of facial key points of a same face, initial facial expression parameters, 
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and initial rigid transformation parameters in a plurality of frames of video data are extracted by 

face tracking on the video data. 

[00138] In some embodiments, for the video data for face tracking, the face tracking is performed 

on the video data to acquire the face in each frame of video data 𝑓: 

(𝑃𝑓 , 𝛿𝑓 , 𝑄𝑓). 

[00139] 𝑃𝑓  represents a rigid transformation parameter, 𝛿𝑓  represents a facial expression 

parameter, and 𝑄𝑓 represents a facial key point. 

[00140] The rigid transformation parameter 𝑃𝑓  and the facial expression parameter 𝛿𝑓  are 

unknown parameters, and facial key point 𝑄𝑓 is a known parameter and is acquired by detecting 

the facial key point in face tracking. In the embodiments of the present disclosure, the face is 

tracked to acquire optimal result of the facial expression parameter 𝛿𝑓. 

[00141] In S302, facial sizes of faces in the plurality of frames of video data are determined based 

on the plurality of facial key points. 

[00142] In the case that the facial key points are determined, a face frame is determined based on 

the facial key points, and a length of a diagonal line of the face frame is determined as the facial 

size of the face in each frame of video data 𝑓. 

[00143] In S303, weights of a plurality of facial regions of the faces are acquired by inputting the 

facial sizes to a pre-trained adaptive rigid prior model. 

[00144] In the embodiments of the present disclosure, the adaptive rigid prior model is configured 

to output the weight of the plurality of facial regions of the faces at different facial sizes, and the 

adaptive rigid prior model is trained by the method for training the adaptive rigid prior model 

according to the above embodiments. 

[00145] In some embodiments, the adaptive rigid prior model is shown as the formula (1) in the 

above embodiments. 

[00146] In S304, optimal facial expression parameters are acquired based on the weights of the 

plurality of facial regions, the plurality of facial key points, the initial rigid transformation 

parameters, and the initial facial expression parameters, and the optimal facial expression 

parameters are determined as results of face tracking on the plurality of frames of video data. 

[00147] In some embodiments, neutral face data of the faces is acquired, three-dimension face 

models of the faces in the plurality of frames video data are generated based on the neutral face 

data, the initial facial expression parameters, and a predetermined blend shape deformer, and the 

three-dimension face models are rigidly transformed. Two-dimensional facial data is acquired by 

performing, based on the initial rigid transformation parameters, two-dimensional projection on 

the three-dimension face models, and the two-dimensional facial data includes a plurality of 
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projected two-dimensional key points in one-to-one correspondence to the plurality of facial key 

points. Distances between the plurality of projected two-dimensional key points and the 

corresponding plurality of facial key points are calculated, and a rigid transformation optimization 

function and a facial expression optimization function are constructed based on the weights of the 

plurality of facial regions of the plurality of projected two-dimensional key points and the distances. 

Optimal rigid transformation parameters are acquired by optimizing the rigid transformation 

optimization function, optimal facial expression parameters are acquired by optimizing, based on 

the optimal rigid transformation parameters, the facial expression optimization function, and the 

optimal facial expression parameters are determined as the results of face tracking on the plurality 

of frames of video data. 

[00148] Referring to S204 in the above embodiments, in the case that the three-dimension face is 

constructed, the weight 𝑤𝑘𝑖  is calculated by the adaptive rigid prior model, the rigid 

transformation optimization function (2) and the facial expression optimization function (3) are 

constructed, and the optimal facial expression parameter 𝛿𝑓  is  acquired by sequentially 

optimizing the function (2) and function (3). For details, reference may be made to the above 

embodiments, which are thus not repeated herein. 

[00149] In the case that the facial expression parameter 𝛿𝑓 is acquired by face tracking, a face 

vision enhancement special effect is achieved based on the facial expression parameter 𝛿𝑓, for 

example, adding hats, glasses, beards, tattoos, and the like to the face. 

[00150] In the embodiments of the present disclosure, the weights of the plurality of facial regions 

are acquired by the adaptive rigid prior model, the optimal results of the facial expression 

parameters are acquired by constructing rigid transformation based on the weights, and the optimal 

results of the facial expression parameters are determined as the results of face tracking. In the 

embodiments of the present disclosure, the adaptive rigid prior model is capable of assigning 

different weights to different regions based on real time facial sizes of the faces and the 

displacements of the plurality of facial regions of the faces, such that rigidity stabilization of face 

tracking is improved, and a robust result of face tracking is achieved. 

[00151] FIG. 4 is a block diagram of an apparatus for training an adaptive rigid prior model 

according to a fourth embodiment of the present disclosure. As shown in FIG. 4, the apparatus for 

training the adaptive rigid prior model includes: 

[00152] a model parameter initializing module 401, configured to initialize model parameters of 

the adaptive rigid prior model, wherein the model parameters are functions with facial sizes as 

independent variables, and the adaptive rigid prior model is configured to output weights of a 

plurality of facial regions of faces at different facial sizes; 
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[00153] a facial data acquiring module 402, configured to acquire a plurality of frames of facial 

data of a same face by face tracking on training video data using the adaptive rigid prior model; 

[00154] a model parameter updating module 403, configured to update the model parameters 

based on the plurality of frames of facial data; 

[00155] a stopping training condition determining module 404, configured to determine whether 

a condition of stopping updating the model parameters is satisfied; and 

[00156] a model parameter stopping updating module 405, configured to stop updating the model 

parameters of the adaptive rigid prior model, and acquire a final adaptive rigid prior model. 

[00157] The apparatus for training the adaptive rigid prior model is capable of performing the 

method for training the adaptive rigid prior model according to the above embodiments, and 

includes corresponding function modules and achieves the beneficial effects of performing the 

method. 

[00158] FIG. 5 is a block diagram of an apparatus for tracking faces according to some 

embodiments of the present disclosure. As shown in FIG. 5, the apparatus for tracking faces 

includes: 

[00159] a face tracking module 501, configured to extract a plurality of facial key points of a face, 

initial facial expression parameters, and initial rigid transformation parameters in a plurality of 

frames of video data by face tracking on the video data; 

[00160] a facial size determining module 502, configured to determine facial sizes of faces in the 

plurality of frames of video data based on the plurality of facial key points; 

[00161] a weight predicting module 503, configured to acquire weights of a plurality of facial 

regions of the faces by inputting the facial sizes to a pre-trained adaptive rigid prior model; and 

[00162] an optimizing module 504, configured to acquire optimal facial expression parameters 

based on the weights of the plurality of facial regions, the plurality of facial key points, the initial 

rigid transformation parameters, and the initial facial expression parameters, and determine the 

optimal facial expression parameters as results of face tracking on the plurality of frames of video 

data; 

[00163] wherein the adaptive rigid prior model is trained by the method for training the adaptive 

rigid prior model according to the embodiments of the present disclosure. 

[00164] The apparatus for tracking the faces according to the embodiments of the present 

disclosure is capable of performing the method for tracking the faces in the third embodiment, and 

has corresponding function module and the beneficial effects of performing the method. 

[00165] FIG. 6 shows a schematic structural diagram of an electronic device according to an 

embodiment of the present disclosure. As shown in FIG. 6, the electronic device includes: a 
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processor 601, a memory 602, a display screen 603 with a touch function, an input device 604, an 

output device 605, and a communication device 606. The number of processors 601 in the 

electronic device is one or more, and FIG. 6 shows the electronic device by taking one processor 

601 as an example. The processor 601, the memory 602, the display screen 603, the input device 

604, the output device 605, and the communication device 606 in the electronic device are 

connected via a bus or other ways, and FIG. 6 shows the electronic device by taking the bus as an 

example. The electronic device is configured to perform the method for training the adaptive rigid 

prior model and/or the method for tracking the faces according to any one of the embodiments of 

the present disclosure. 

[00166] A computer-readable storage medium is provided in the embodiments of the present 

disclosure. One or more instructions in the storage medium, when loaded and executed by a 

processor of an electronic device, cause the electronic device to perform the method for training 

the adaptive rigid prior model and/or the method for tracking the faces according to the above 

embodiments of the present disclosure. 

[00167] It should be noted that, for the embodiments of the apparatus, the electronic device, and 

the storage medium, descriptions are concise because these embodiments are similar to the 

embodiments of the method, and reference may be made to the description of the embodiments of 

the method. 

[00168] In the description of the specification, the terms "one embodiment," "some 

embodiments," "an example," "some examples" and the like indicates that the features, structures, 

materials, or characteristics described in conjunction with the embodiment or example are included 

in at least one embodiment or example of the present disclosure. In the specification, the illustrative 

description of above terms does not necessarily refer to the same embodiment or example. 

Furthermore, the described features, structures, materials or characteristics may be combined in 

any suitable manner in any one or more embodiments or examples. 

[00169] It is noted that above descriptions are merely some embodiments and technical principle 

of the present disclosure. A person skilled in the art can understand that the present disclosure is 

not limited in specific embodiments herein, and a person skilled in the art can make some apparent 

changes, re-adjustments, and substitutes without departing from the protection scope of the present 

disclosure. Thus, although detailed description of the present disclosure is made in above 

embodiments, the present disclosure is not limited in above embodiments. Other equivalent 

embodiments are included without departing from the conception of the present disclosure, and 

the scope of the present disclosure is determined by appended claims. 
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CLAIMS 

What is claimed is: 

1. A method for training an adaptive rigid prior model, comprising: 

initializing model parameters of the adaptive rigid prior model, wherein the model parameters 

are functions with facial sizes as independent variables, and the adaptive rigid prior model is 

configured to output weights of a plurality of facial regions of faces at different facial sizes; 

acquiring a plurality of frames of facial data of a same face by face tracking on training video 

data using the adaptive rigid prior model; 

updating the model parameters based on the plurality of frames of facial data; 

determining whether a condition of stopping updating the model parameters is satisfied; 

stopping, in response to the condition of stopping updating the model parameters being 

satisfied, updating the model parameters of the adaptive rigid prior model, and acquiring a final 

adaptive rigid prior model; and 

returning, in response to the condition of stopping updating the model parameters being not 

satisfied, to the step of acquiring the plurality of frames of facial data of the same face by face 

tracking on the training video data using the adaptive rigid prior model. 

 

2. The method according to claim 1, wherein acquiring the plurality of frames of facial data 

of the same face by face tracking on the training video data using the adaptive rigid prior model 

comprises: 

extracting facial key points and facial expression parameters of faces in a plurality of frames 

of the training video data by face tracking on the training video data; 

determining the facial sizes of the faces based on the facial key points; and 

calculating displacements of the plurality of facial regions of the faces relative to a neutral 

face of the faces using the adaptive rigid prior model, the facial expression parameters, and a 

predetermined blend shape deformer. 

 

3. The method according to claim 1 or claim 2, wherein  

the facial data comprises the facial sizes of the faces and the displacements of the plurality of 

facial regions of the faces; and 

updating the model parameters based on the plurality of frames of facial data comprises: 

organizing the faces to a plurality of face containers based on the facial sizes; 

calculating average values of the facial sizes of the faces in the plurality of face 

containers; 



 

22 

 

acquiring, in a case that the facial sizes are the average values, data points of the model 

parameters of the adaptive rigid prior model by analyzing the displacements of the plurality 

of facial regions of the faces in the plurality of face containers; and 

acquiring the model parameters by interpolating the data points of the model parameters 

corresponding to different average values of the facial sizes in the plurality of face containers, 

and determining the model parameters as new model parameters of the adaptive rigid prior 

model, wherein the model parameters are functions of the facial sizes. 

 

4. The method according to claim 3, wherein organizing the faces corresponding to facial 

image data to the plurality of face containers based on the facial sizes comprises: 

determining a maximum facial size and a minimum facial size based on the facial image data; 

evenly dividing a size range from the maximum facial size to the minimum facial size into a 

plurality of size ranges, and determining the plurality of size ranges as facial size ranges of the 

plurality of face containers; 

determining target facial size ranges of the facial sizes of the faces; and 

organizing the faces to face containers within the target facial size ranges. 

 

5. The method according to claim 3, wherein acquiring, in the case that the facial sizes are 

the average values, the data points of the model parameters of the adaptive rigid prior model by 

analyzing the displacements of the plurality of facial regions of the faces in the plurality of face 

containers comprises: 

determining, based on facial image data of the faces, maximum displacements of the plurality 

of facial regions for the plurality of facial regions of the faces in the plurality of face containers; 

organizing the displacements of the plurality of facial regions to a plurality of displacement 

containers; 

determining a displacement container containing a greatest number of displacements in the 

plurality of displacement containers as a maximum displacement container; 

determining a middle displacement of the plurality of displacements in the maximum 

displacement container as a data point of a first model parameter; and 

calculating a data point of a second model parameter and a data point of a third model 

parameter based on the maximum displacements of the plurality of facial regions, the middle 

displacement, a predetermined maximum weight, a predetermined minimum weight, and the data 

point of the first model parameter; 
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wherein in the case that the facial sizes are the average values, the data points of the model 

parameters of the adaptive rigid prior model comprise: the data point of the first model parameter, 

the data point of the second model parameter, and the data point of the third model parameter. 

 

6. The method according to claim 5, wherein acquiring the model parameters by interpolating 

the data points of the model parameters corresponding to the different average values of the facial 

sizes in the plurality of face containers, and determining the model parameters as the new model 

parameters of the adaptive rigid prior model comprise: 

acquiring the first model parameter, the second model parameter, and the third model 

parameter by spline interpolating the data point of the first model parameter, the data point of the 

second model parameter, and the data point of the third model parameter in a case that the facial 

sizes in the plurality of face containers are the different average values, and determining the first 

model parameter, the second model parameter, and the third model parameter as the new model 

parameters of the adaptive rigid prior model. 

 

7. The method according to claim 1, wherein determining whether the condition of stopping 

updating the model parameters is satisfied comprises: 

calculating difference values between model parameters acquired by two updates; 

determining whether the difference values are less than a first predetermined threshold; and 

determining, in response to the difference values being less than the first predetermined 

threshold, that the condition of stopping updating the model parameters is satisfied. 

 

8. The method according to claim 1, wherein determining whether the condition of stopping 

updating the model parameters is satisfied comprises: 

counting a number of updates of the model parameters; 

determining whether the number of updates is greater than a second predetermined threshold; 

and 

determining, in response to the number of updates being greater than the second 

predetermined threshold, that the condition of stopping updating the model parameters is satisfied. 

 

9. The method according to any one of claims 1, 2, 7, and 8, wherein the adaptive rigid prior 

model is: 
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𝑤𝑠
𝑘(𝑑𝑘) = {

𝛼𝑘(𝑠)𝑒𝑥𝑝 (−
𝛾𝑘(𝑠)

𝛽𝑘(𝑠)
) 𝑑𝑘 < 𝛾𝑘(𝑠)

𝛼𝑘(𝑠)𝑒𝑥𝑝 (−
𝑑𝑘

𝛽𝑘(𝑠)
) 𝑑𝑘 ≥ 𝛾𝑘(𝑠)

; 

wherein 𝑠 represents the facial size of the face, 𝑤𝑠
𝑘(∙) represents a weight of a kth facial 

region in the face with the facial size being 𝑠, 𝛼𝑘(𝑠), 𝛽𝑘(𝑠), and 𝛾𝑘(𝑠) represent the model 

parameters, 𝛼𝑘(𝑠), 𝛽𝑘(𝑠), and 𝛾𝑘(𝑠) are functions of two-dimensional facial sizes s, and 𝑑𝑘 

represent a displacement of the kth facial region. 

 

10. A method for tracking faces, comprising: 

extracting a plurality of facial key points of a same face, initial facial expression parameters, 

and initial rigid transformation parameters in a plurality of frames of video data by face tracking 

on the video data; 

determining facial sizes of faces in the plurality of frames of video data based on the plurality 

of facial key points; 

acquiring weights of a plurality of facial regions of the faces by inputting the facial sizes to a 

pre-trained adaptive rigid prior model; and 

acquiring optimal facial expression parameters based on the weights of the plurality of facial 

regions, the plurality of facial key points, the initial rigid transformation parameters, and the initial 

facial expression parameters, and determining the optimal facial expression parameters as results 

of face tracking on the plurality of frames of video data; 

wherein the adaptive rigid prior model is trained by the method for training the adaptive rigid 

prior model as defined in any one of claims 1 to 9. 

 

11. The method according to claim 10, wherein acquiring the optimal facial expression 

parameters based on the weights of the plurality of facial regions, the plurality of facial key points, 

the initial rigid transformation parameters, and the initial facial expression parameters, and 

determining the optimal facial expression parameters as the results of face tracking on the plurality 

of frames of video data comprise: 

acquiring neutral face data of the faces; 

generating three-dimension face models of the faces in the plurality of frames video data 

based on the neutral face data, the initial facial expression parameters, and a predetermined blend 

shape deformer, and rigidly transforming the three-dimension face models; 

acquiring two-dimensional facial data by performing two-dimensional projection on the 

three-dimension face models based on the initial rigid transformation parameters, wherein the two-
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dimensional facial data comprises a plurality of projected two-dimensional key points in one-to-

one correspondence to the plurality of facial key points; 

calculating distances between the plurality of projected two-dimensional key points and the 

corresponding plurality of facial key points; 

constructing a rigid transformation optimization function and a facial expression optimization 

function based on the weights of the plurality of facial regions of the plurality of projected two-

dimensional key points and the distances; 

acquiring optimal rigid transformation parameters by optimizing the rigid transformation 

optimization function; and 

acquiring optimal facial expression parameters by optimizing the facial expression 

optimization function based on the optimal rigid transformation parameters, and determining the 

optimal facial expression parameters as the results of face tracking on the plurality of frames of 

video data. 

 

12. An apparatus for training an adaptive rigid prior model, comprising: 

a model parameter initializing module, configured to initialize model parameters of the 

adaptive rigid prior model, wherein the model parameters are functions with facial sizes as 

independent variables, and the adaptive rigid prior model is configured to output weights of a 

plurality of facial regions of faces at different facial sizes; 

a facial data acquiring module, configured to acquire a plurality of frames of facial data of a 

same face by face tracking on training video data using the adaptive rigid prior model; 

a model parameter updating module, configured to update the model parameters based on the 

plurality of frames of facial data; 

a stopping training condition determining module, configured to determine whether a 

condition of stopping updating the model parameters is satisfied; 

a model parameter stopping updating module, configured to stop updating the model 

parameters of the adaptive rigid prior model, and acquire a final adaptive rigid prior model. 

 

13. An apparatus for tracking faces, comprising: 

a face tracking module, configured to extract a plurality of facial key points of a same face, 

initial facial expression parameters, and initial rigid transformation parameters in a plurality of 

frames of video data by face tracking on the video data; 

a facial size determining module, configured to determine facial sizes of faces in the plurality 

of frames of video data based on the plurality of facial key points; 
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a weight predicting module, configured to acquire weights of a plurality of facial regions of 

the faces by inputting the facial sizes to a pre-trained adaptive rigid prior model; and 

an optimizing module, configured to acquire optimal facial expression parameters based on 

the weights of the plurality of facial regions, the plurality of facial key points, the initial rigid 

transformation parameters, and the initial facial expression parameters, and determine the optimal 

facial expression parameters as results of face tracking on the plurality of frames of video data; 

wherein the adaptive rigid prior model is trained by the method for training the adaptive rigid 

prior model as defined in any one of claims 1 to 9. 

 

14. An electronic device, comprising: 

one or more processors; 

a memory configured to store one or more programs; 

wherein the one or more processors, when loading and executing the one or more programs, 

are caused to perform at least one of: the method for training the adaptive rigid prior model as 

defined in any one of claims 1 to 9, and the method for tracking the faces as defined in any one of 

claims 10 to 11. 

 

15. A computer-readable storage medium, storing one or more computer programs, wherein 

the one or more programs, when loaded and run by a processor, causes the processor to perform 

at least one of: the method for training the adaptive rigid prior model as defined in any one of 

claims 1 to 9, and the method for tracking the faces as defined in any one of claims 10 to 11. 


