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FACE DETECTION MODEL TRAINING METHOD AND APPARATUS, 

AND FACE KEY POINT DETECTION METHOD AND APPARATUS 

[0001] This application claims priority to the Chinese Patent Application No. 

201811367129.0, filed on November 16, 2018, the content of which is incorporated herein by 5 

reference in its entirety.  

TECHNICAL FIELD 

[0002] Embodiments of the present disclosure relates to the field of data processing 

technologies, such as a method for training a face detection model, a method for detecting a face 10 

key point, an apparatus for training a face detection model, an apparatus for detecting a face key 

point, a device and storage medium.  

BACKGROUND 

[0003] With the development of Internet technologies, various video applications have 15 

appeared, and people can communicate more intuitively through these video applications. 

[0004] In the process of video live streaming or short video recording, users usually need to 

perform special effect processing on videos, such as adding beauty to the face, posting 

stickers on the face and other special effects in the video. The addition of the above special 

effects depends on key points of eyes, mouth, nose, etc. on the face. Therefore, the accuracy 20 

of detecting the face key points is especially important for the special effect processing. In 

the related methods for detecting a face key point, one method is direct regression. 

Coordinates of each key point are returned by inputting a face image into Convolutional 

Neural Network (CNN). Another method is a hierarchical method, which improves the 

accuracy by predicting the coordinates of key points for a plurality of times. Using 25 

coordinates of a previously predicted key point as the center, a plurality of partial pictures 

are cropped, and then the plurality of partial pictures are input into the CNN to return to 

final key point coordinates.  

[0005] However, when training the CNN, if an angle of the face in the face image is large in 

a training sample, some parts of the face are sheltered, and the sheltered part needs to be 30 

manually estimated and labeled, resulting in inaccurate training data and causing a problem 

of inaccurate coordinates of the key points output by the CNN. 

SUMMARY 
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[0006] Embodiments of the present disclosure provides a method for training a face detection 

model, a method for detecting a face key point, an apparatus for training a face detection model, 

an apparatus for detecting a face key point, a device and storage medium to avoid a case that 

the related methods for detecting a face key point inaccurately detect a face key point and to 

improve the accuracy of detecting a face key point.  5 

[0007] According to a first aspect, an embodiment of the present disclosure provides a 

method for training a face detection model. The method includes: acquiring a training face image; 

performing three-dimensional reconstruction on the training face image based on a preset 

three-dimensional face model, and acquiring a training three-dimensional face model; 

generating a training UV coordinate map including three-dimensional coordinates of the training 10 

three-dimensional face model based on the training three-dimensional face model; and training a 

semantic segmentation network by using the training face image and the training UV coordinate 

map, and acquiring a face detection model, wherein the face detection model is configured to 

generate a UV coordinate map including three-dimensional coordinates.  

[0008] According to a second aspect, an embodiment of the present disclosure provides a 15 

method for detecting a face key point. The method includes: acquiring a target face image; 

inputting the target face image into a pre-trained face detection model to generate a UV 

coordinate map of the target face image, wherein the UV coordinate map includes a plurality of 

pixel points, and each pixel point of the UV coordinate map includes three-dimensional 

coordinates; acquiring a UV template image including a pre-labeled face key point; and 20 

determining a pixel point corresponding to the face key point in the UV coordinate map to 

detect three-dimensional coordinates of the face key point.  

[0009] According to a third aspect, an embodiment of the present disclosure provides an 

apparatus for training a face detection model. The apparatus includes: a training face image 

acquiring module configured to acquire a training face image; a three-dimensional reconstruction 25 

module configured to perform three-dimensional reconstruction on the training face image 

based on a preset three-dimensional face model and acquire a training three-dimensional face 

model; a training UV coordinate map generating module configured to generate a training UV 

coordinate map including three-dimensional coordinates of the training three-dimensional face 

model based on the training three-dimensional face model; and a training module configured to 30 

train a semantic segmentation network by using the training face image and the training UV 

coordinate map and acquire a face detection model, wherein the face detection model is 

configured to generate a UV coordinate map including three-dimensional coordinates.  

[0010] According to a fourth aspect, an embodiment of the present disclosure provides an 
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apparatus for detecting a face key point. The apparatus includes: a target face image acquiring 

module configured to acquire a target face image; a UV coordinate map generating module 

configured to input the target face image into a pre-trained face detection model to generate a 

UV coordinate map of the target face image, wherein the UV coordinate map includes a plurality 

of pixel points, and each pixel point of the UV coordinate map includes three-dimensional 5 

coordinates; a template image acquiring module configured to acquire a UV template image 

including a pre-labeled face key point; and a face key point three-dimensional coordinates 

detecting module configured to determine a pixel point corresponding to the face key point in 

the UV coordinate map to detect three-dimensional coordinates of the face key point. 

[0011] According to a fifth aspect, an embodiment of the present disclosure provides a 10 

device. The device includes: at least one processor; and a storage apparatus for storing at least 

one program, wherein when the at least one program is executed by the at least one processor, the 

at least one processor is enabled to realize at least one of the method for training a face detection 

model and the method for detecting a face key point according to any of the embodiments of the 

present disclosure.  15 

[0012] According to a sixth aspect, an embodiment of the present disclosure provides a 

computer-readable storage medium. The computer-readable storage medium stores a computer 

program therein, wherein when the program is executed by a processor, at least one of the method 

for training a face detection model and the method for detecting a face key point according to any 

of the embodiments of the present disclosure is realized. 20 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a flow chart of a method for training a face detection model according to an 

embodiment of the present disclosure; 

[0014] FIG. 2A is a flow chart of another method for training a face detection model according 25 

to an embodiment of the present disclosure; 

[0015] FIG. 2B is a schematic diagram of aligning a three-dimensional face model according 

to an embodiment of the present disclosure; 

[0016] FIG. 2C is a schematic diagram of generating a training three-dimensional face model 

by performing three-dimensional reconstruction according to an embodiment of the present 30 

disclosure; 

[0017] FIG. 3A is a flow chart of a method for detecting a face key point according to an 

embodiment of the present disclosure; 

[0018] FIG. 3B is a schematic diagram of a UV coordinate map output by a face detection 
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model according to an embodiment of the present disclosure;  

[0019] FIG. 3C is a schematic diagram of a UV template image according to an embodiment 

of the present disclosure; 

[0020] FIG. 4 is a structural block diagram of an apparatus for training a face detection model 

according to an embodiment of the present disclosure; 5 

[0021] FIG. 5 is a structural block diagram of an apparatus for detecting a face key point 

according to an embodiment of the present disclosure; and  

[0022] FIG. 6 is a structural block diagram of a device according to an embodiment of the 

present disclosure. 
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DETAILED DESCRIPTION 

[0023] FIG. 1 is a flow chart of a method for training a face detection model according to an 

embodiment of the present disclosure. The embodiment of the present disclosure may be 

applied to a situation of training a face detection model to generate a u, v texture map (UV) 

coordinate map including three-dimensional coordinates. The method may be performed by 15 

an apparatus for training a face detection model. The apparatus may be implemented by at 

least one of software and hardware and integrated in a device that performs the method. As 

shown in FIG. 1, the method may include step S101 to step S104. 

[0024] In step S101, a training face image is acquired. 

[0025] The training face image may be a two-dimensional image containing a face. The 20 

storage format of the two-dimensional image may be BMP, JPG, PNG, TIF, and other 

formats. BMP (Bitmap) is a standard image file format in the Windows operating system. 

BMP uses a bit-mapped storage format. An image depth of BMP files includes l bit, 4 bit, 8 

bit and 24 bit. JPG is the Joint Photographic Experts Group (JPEG) format. JPEG images 

store a single bitmap in 24-bit color. JPEG is a platform-independent format. Portable 25 

Network Graphic Format (PNG) is a bitmap file storage format. PNG may be used to store 

grayscale images, a depth of which may be as much as 16 bits, color images, the depth of 

which may be as much as 48 bits, and up to 16 bits of alpha channel data. Tag image file 

format (TIF) is a flexible bitmap format and mainly used to store images including photos 

and artistic drawings. 30 

[0026] In practical applications, the training face image may be selected from locally stored 

images, or a public face image may be acquired from the network as the training face image, 

or a face image may be captured from videos as the training face image. Neither the storage 

format of the training face image nor the method of acquiring the training face image is 
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limited in the embodiment of the present disclosure. 

[0027] In step S102, a training three-dimensional face model is acquired by performing 

three-dimensional reconstruction on the training face image based on a preset 

three-dimensional face model. 

[0028] The preset three-dimensional face model may be to acquire three-dimensional scan 5 

data of a real face by performing three-dimensional scanning on the real face. The 

three-dimensional scanning data is the three-dimensional face model. By performing 

three-dimensional scanning on a plurality of real faces, a plurality of different 

three-dimensional face models may be acquired to generate a three-dimensional face model 

library. Of course, the three-dimensional face model may also be a public three-dimensional 10 

face model. 

[0029] In the embodiment of the present disclosure, a large number of preset 

three-dimensional face models may be analyzed to acquire a principal component and an 

eigenvalue of the three-dimensional face model. Different three-dimensional face models 

may be generated by the principal components and by fitting different eigenvalues. 15 

Therefore, for the training face image, different eigenvalues may be fitted to perform the 

three-dimensional reconstruction to generate the training three-dimensional face model 

corresponding to the training face image. By acquiring a plurality of training face images to 

generate a corresponding three-dimensional face model, it is possible to avoid such a 

situation where the cost of performing three-dimensional scanning on real faces to acquire 20 

the three-dimensional face model is high and the data of the public three-dimensional face 

model is sparse and cannot provide sufficient training data for the training of the face 

detection model. Therefore, the efficiency of acquiring training data is improved and the 

cost of acquiring training data is reduced. 

[0030] In step S103, a training UV coordinate map including three-dimensional coordinates 25 

of the training three-dimensional face model is generated based on the training 

three-dimensional face model. 

[0031] UV is an abbreviation of U, V texture mapping coordinates, where U is a horizontal 

coordinate and V is a vertical coordinate. Through a two-dimensional UV coordinate map, 

each point on an image in the UV coordinate system may be mapped to a surface of the 30 

three-dimensional face model. That is, each point on the three-dimensional face model has a 

unique point on the UV coordinate map, and the three-dimensional face model may be 

restored through the UV coordinate map. In an embodiment of the present disclosure, the 

UV coordinate map may be a two-dimensional plan that stores the three-dimensional 
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coordinates of the training three-dimensional face model. The UV coordinate map may 

consist of a three-dimensional array. For example, for a 226×226×3 array, the first two 

dimensions of data are the position of a pixel point of the UV coordinate map on the UV 

coordinate map, and the last dimension of data represents three-dimensional coordinates 

associated with the pixel point. The three-dimensional coordinates are the three-dimensional 5 

coordinates of the point on the training three-dimensional face model. 

[0032] In an embodiment, the training three-dimensional face model may be a set of a 

plurality of vertices. Each vertex has defined three-dimensional coordinates. A 

corresponding training UV coordinate map may be generated based on the vertices of the 

three-dimensional face model. Pixel points on the training UV coordinate map correspond to 10 

the vertices on the training three-dimensional face model one by one. Each pixel point is 

associated with three-dimensional coordinates of its corresponding vertex. 

[0033] In step S104, a face detection model is acquired by training a semantic segmentation 

network using the training face image and the training UV coordinate map, wherein the face 

detection model is configured to generate a UV coordinate map including three-dimensional 15 

coordinates. 

[0034] In an embodiment, the face detection model may generate the UV coordinate map 

including three-dimensional coordinates based on an input face image. When the face 

detection model is trained, the training face image may be used as training data. The 

training UV coordinate map corresponding to the training face image is used as a training 20 

label. The training face image is input into the semantic segmentation network. 

Three-dimensional coordinates of each pixel point of the training face image and the 

position of each pixel point in the UV coordinate map are estimated to generate a predicted 

UV coordinate map. Then, a loss rate is calculated based on the predicted UV coordinate 

map and the training UV coordinate map corresponding to the input training face image, and 25 

network parameters are adjusted to acquire the final trained face detection model. After a 

new face image is input into the face detection model, a UV coordinate map corresponding 

to the face image may be acquired by the trained face detection model. Each pixel point on 

the UV coordinate map corresponds to the pixel point on the face image and includes 

three-dimensional coordinates. 30 

[0035] In the embodiment of the present disclosure, after a training face image is acquired, a 

training three-dimensional face model is acquired by performing three-dimensional 

reconstruction on the training face image based on a preset three-dimensional face model, 

and a training UV coordinate map including three-dimensional coordinates of the training 
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three-dimensional face model is generated based on the training three-dimensional face 

model; and a face detection model is acquired by training a semantic segmentation network 

using the training face image and the training UV coordinate map. In the embodiment of the 

present disclosure, the three-dimensional reconstruction is performed on the training face 

image, and the training UV coordinate map is generated by the training three-dimensional 5 

face model generated after three-dimensional reconstruction, so as to acquire training data 

to train a semantic segmentation network, and acquire a face detection model without 

manual labeling of the training face image and the training UV coordinate map, thereby 

avoiding the situation that manual estimation and labeling need to be performed on the 

training data in the related art, and thus result in inaccurate training data and inaccurate face 10 

key point coordinates output by the CNN, improving the performance of the face detection 

model, and also improving the accuracy of face key point detection. 

[0036] The face detection model may generate the UV coordinate map including 

three-dimensional coordinates, and may detect the three-dimensional coordinates of key 

points, such that the detected face key points have depth information and the application 15 

scenarios of key points are enriched. 

[0037] FIG. 2A is a flow chart of another method for training a face detection model 

according to an embodiment of the present disclosure. On the basis of the above 

embodiment, the embodiment of the present disclosure refines the three-dimensional 

reconstruction and the generation of the training UV coordinate map. As shown in FIG. 2A, 20 

the method may include step S201 to step S208. 

[0038] In step S201, a training face image is acquired. 

[0039] In step S202, M three-dimensional face models are selected. 

[0040] In the embodiment of the present disclosure, the M three-dimensional face models 

may be selected from a preset three-dimensional face model library. The selected 25 

three-dimensional face models are preprocessed. The preprocessed three-dimensional face 

models are aligned by using an optical flow method to acquire aligned three-dimensional 

face models. 

[0041] The three-dimensional face model may be generated by three-dimensional scanning. 

Different scanners have different imaging principles. Some areas of the three-dimensional 30 

face model may have missing data. Holes filling processing may be made to the 

three-dimensional face model having missing data. Alternatively, in order to eliminate or 

reduce the unsmoothness of the surface of the three-dimensional face model caused by 

slight changes in lighting conditions during the scanning process, smoothing processing 
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may be made to the three-dimensional face model. Of course, correction processing may 

also be made to the three-dimensional coordinates of vertices of local areas. The way of 

preprocessing is not limited in the embodiment of the present disclosure. 

[0042] In addition, in order to avoid differences between different three-dimensional face 

models leading to inconsistencies in the number of vertices, the number of patches, and the 5 

data structures of the three-dimensional face models after preprocessing, the 

three-dimensional face models may be aligned by using the optical flow method, such that 

the three-dimensional face models have vectors with the same dimensions, and vertices with 

the same semantic information correspond to the same vector position. 

[0043] In an embodiment, it is assumed that a vertex on the three-dimensional face model is 10 

represented by cylindrical coordinates as , where  represents the height of the 

vertex in the cylindrical coordinates, and  represents the angle of rotation. According to 

the definition of the optical flow method, when the vertex moves slightly, its brightness 

remains unchanged. From this, a mathematical expression of  and  may be obtained: 

 15 

[0044] where  and  represent optical flow, which may be approximately replaced by 

 and ,  represents a 5×5 adjacent area centered on , and  

represents the L2 norm. For each vertex , the above function  should be as small 

as possible. 

[0045] Partial derivatives  and  solved by the above function are 20 

denoted with  and , then the new position of each vertex is as 

follows: 

, . 

[0046] As shown in FIG. 2B, assuming that a template face is 
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, and is  

after a new face is aligned to the template face. That is, all three-dimensional faces have 

-dimensional vectors, and vertices with the same semantic information correspond to the 

same vector positions. For example, points on the nose in  and  are stored in the th 

vector position, such that the three-dimensional face models are aligned. 5 

[0047] In step S203, a principal component matrix and an eigenvalue matrix are acquired by 

performing a principal component analysis on the M three-dimensional face models. 

[0048] A principal component analysis (PCA) is a multivariate statistical analysis method in 

which a plurality of variables are linearly transformed to select a small number of important 

variables. In an embodiment of the present disclosure, the principal component matrix and 10 

the eigenvalue matrix of the M three-dimensional face models may be acquired by 

performing the principal component analysis on the M three-dimensional face models. 

[0049] In an exemplary embodiment, for each of the three-dimensional face models , 

,..., , a mean value is calculated by the following formula: 

 15 

[0050] where  is an average value of the three-dimensional face models, that is, an 

average face model,  is the number of the selected three-dimensional face models, and 

 is the three-dimensional face model. 

[0051] Then, a deviation  of each three-dimensional face model  is solved, 

and a matrix  composed of the deviations may be obtained. Then a covariance 20 

matrix of A is as follows: 
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[0052] After performing eigenvalue decomposition on the covariance matrix, the first m 

principal component matrices and eigenvalue matrices 

 may be obtained by ranking the eigenvalues from large to 

small. Then any three-dimensional face model  may be approximately expressed linearly 

by the principal component matrix s and the eigenvalue matrix . 5 

[0053] In step S204, for each training face image, a training three-dimensional face model is 

acquired by performing three-dimensional reconstruction using the principal component 

matrix and an eigenvalue matrix corresponding to each training face image. 

[0054] In an embodiment, an initial eigenvalue matrix and an initial projection parameter 

matrix may be set, and an initial three-dimensional face model may be constructed using the 10 

initial eigenvalue matrix and the principal component matrix. 

[0055] For example, set the initial eigenvalue matrix = , and the 

initial three-dimensional face model  is 

constructed based on the initial eigenvalue matrix  and the principal component matrix 

s. 15 

[0056] After the initial three-dimensional face model is constructed, a projected face image 

of the initial three-dimensional face model in a two-dimensional space may be acquired 

based on the initial projection parameter matrix. 

[0057] In an embodiment, issues such as face translation, face rotation, illumination and the 

like need to be taken into consideration in the projection of the initial three-dimensional 20 

face model to the two-dimensional space. Set the translation coordinates as ( , the 

face rotation parameter as ( , the ambient light intensity as ( , the 

directed light intensity as ( , and the light source direction as 

( . The above projection parameters are represented by the matrix . 
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[0058] Set the initial projection parameter matrix , the initial three-dimensional face 

model  is projected onto the two-dimensional plane to acquire the projected face image 

 of the initial three-dimensional face model. Set the training face image as 

, then the smaller the difference between the projected face image  and the 

training face image  is, the closer the initial three-dimensional face model is to the 5 

real face corresponding to the training face image. 

[0059] Therefore, a difference value between the projected face image and the training face 

image may be calculated. The initial eigenvalue matrix and the initial projection parameter 

matrix may be iteratively optimized by using a stochastic gradient descent method based on 

the difference value. When the difference value converges, the eigenvalue matrix and the 10 

projection parameter matrix may be acquired and taken as a target eigenvalue matrix and a 

target projection parameter matrix. The target eigenvalue matrix may be taken as the 

eigenvalue matrix corresponding to the training face image. 

[0060] In an embodiment, the difference value between the projected face image  

and the training face image  may be calculated by the following formula: 15 

 

[0061] where  is the difference value,  is a pixel point on the training face 

image,  is a pixel point on the training face image, and  represents the 

L2 norm. 

[0062] If  is greater than a preset threshold, it is necessary to optimize the initial 20 

eigenvalue matrix  and the initial projection parameter matrix , reconstruct the 

three-dimensional face model based on the optimized initial eigenvalue matrix  and 
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initial projection parameter matrix ρ for projection, and calculate the difference value  

until the difference value  converges. 

[0063] In an embodiment, a stochastic gradient descent algorithm (SGD) may be used for 

optimization. For example, for first N rounds of iterative optimization, K feature points are 

randomly selected from the training face image and the projected face image. The difference 5 

value between the projected face image and the training face image may be calculated based 

on the K feature points. Some eigenvalues in the initial eigenvalue matrix and the initial 

projection parameter matrix may be iteratively optimized using the stochastic gradient 

descent method based on the difference value. After the N rounds of iterative optimization, 

all the eigenvalues in the eigenvalue matrix after the N rounds of iterations and the 10 

projection parameter matrix after the N rounds of iterations may be optimized by using the 

stochastic gradient descent method. When the difference value converges, the eigenvalue 

matrix and the projection parameter matrix are acquired and taken as the target eigenvalue 

matrix and target projection parameter matrix. 

[0064] For example, in each iteration of the first N rounds, Κ=40 random feature points are 15 

selected from the training face image  and the projected face image  for 

optimization. The feature points are key pixel points that describe the contours of the facial 

features. The feature points may be pixel points on the eyes, mouth or face contour of the 

face. By selecting a smaller number of feature points to calculate the difference value to 

optimize the initial eigenvalue matrix  and the initial projection parameter matrix , it 20 

is possible to avoid calculation redundancy caused by each iteration optimization and 

improve the optimization speed. 

[0065] At the same time, it is possible to first optimize n large eigenvalues in the initial 

eigenvalue matrix  to avoid overfitting caused by fitting small eigenvalues in the first N 

rounds of iterations. Therefore, in the first N rounds of iterations, more important 25 

eigenvalues may be fitted. For example, in the first 100 rounds of iterations, 10 large 

eigenvalues and the projection parameter matrix  are optimized. After the 100 rounds of 

iterations, all the eigenvalues and the projection parameter matrix  are optimized. When 
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the difference value  converges, the target eigenvalue matrix is acquired. The training 

three-dimensional face model may be generated by the target eigenvalue matrix and the 

principal component matrix. 

[0066] As shown in FIG. 2C, the training three-dimensional face model S is generated by 

fitting the principal components in the principal component matrix and the eigenvalues in 5 

the target eigenvalue matrix. That is, the training three-dimensional face model may be 

acquired by performing three-dimensional reconstruction on the training face image based 

on the preset three-dimensional face model. It is possible to avoid the situation where the 

cost of performing three-dimensional scanning on faces to acquire the three-dimensional 

face model is high and the data of the public three-dimensional face model is sparse and 10 

cannot provide sufficient training data for the training of the face detection model, thereby 

improving the efficiency of acquiring training data and reducing the cost of acquiring 

training data. 

[0067] In step S205, a plurality of vertices of the training three-dimensional face model are 

acquired, each of the vertices having three-dimensional coordinates. 15 

[0068] In the embodiment of the present disclosure, the training three-dimensional face 

model may be a collection of a plurality of vertices, and each vertex has defined 

three-dimensional coordinates in the training three-dimensional face model. For example, 

the training three-dimensional face model is . That 

is, the training three-dimensional face model includes k vertices. 20 

[0069] In step S206, a plurality of vertices are projected onto a preset spherical surface and 

a plurality of projection points, which are on a preset spherical surface and correspond to 

the plurality of vertices, are acquired. 

[0070] In an embodiment, the plurality of vertices may be projected onto a spherical surface 

with a preset radius through spherical projection. For example, for each vertex of the 25 

three-dimensional face model, the vertex is connected to a center of the sphere, and an 

intersection point of the connection on the spherical surface is the projection of the vertex 

on the sphere. After the plurality of vertices of the training three-dimensional face model 

are projected, an irregular training three-dimensional face model may be projected onto the 

sphere. 30 

[0071] In step S207, an unfolding processing is performed on the sphere containing the 

plurality of projection points so as to generate a training UV coordinate map containing the 
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plurality of projection points, wherein each projection point in the training UV coordinate 

map is associated with three-dimensional coordinates of a corresponding vertex. 

[0072] In an embodiment, the UV coordinate map may be acquired by unfolding the preset 

spherical surface into a two-dimensional plan view. The UV coordinate map stores the 

three-dimensional coordinates of the plurality of vertices of the training three-dimensional 5 

face model. That is, each pixel point in the UV coordinate map corresponds to the only 

vertex on the training three-dimensional face mode. The training three-dimensional face 

model may be restored through the pixel points in the UV coordinate map. The pixel points 

in the UV coordinate map are the projection points, and the pixel points and the projection 

points are in a one-to-one correspondence. 10 

[0073] In step S208, a face detection model is acquired by training a semantic segmentation 

network using the training face image and the training UV coordinate map, wherein the face 

detection model is configured to generate a UV coordinate map including three-dimensional 

coordinates. 

[0074] In the embodiment of the present disclosure, the semantic segmentation network may 15 

be trained by taking the training face image as training data and taking the training UV 

coordinate map corresponding to the training face image as the training label. 

[0075] In an embodiment, the training face image may be randomly extracted. A predicted 

UV coordinate map may be extracted by inputting the training face image into a semantic 

segmentation network. A loss rate of the predicted UV coordinate map may be calculated by 20 

using a preset loss function and the training UV coordinate map. A gradient may be 

calculated using the loss rate. Whether the gradient satisfies a preset iteration condition is 

judged. The semantic segmentation network may be determined as a face detection model 

based on a judgment result that the gradient satisfies the preset iteration condition. Gradient 

descent is performed on a network parameter of the semantic segmentation network using 25 

the gradient and a preset learning rate, and the step of extracting the training face image is 

returned based on the judgment result that the gradient does not satisfy the preset iteration 

condition. 

[0076] In practical applications, the semantic segmentation network may be a semantic 

segmentation network such as FCN, SegNet, U-Net, and the like. In the embodiment of the 30 

present disclosure, the semantic segmentation network may be trained by means of random 

gradient descent. 

[0077] In an embodiment of the present disclosure, a predicted UV coordinate map may be 

extracted by inputting the training face image into the semantic segmentation network. In an 
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embodiment, the predicted UV coordinate map has the same resolution as the input training 

face image, for example, 226×226. Each pixel point on the predicted UV coordinate map is 

associated with three-dimensional coordinates. Then the training UV coordinate map 

corresponding to the training face image may be acquired. The loss rate of the predicted UV 

coordinate map may be calculated through the predicted UV coordinate map, the training 5 

UV coordinate map, the preset loss function and a preset loss weight. The preset loss weight 

is a preset loss weight of a feature point in the training UV coordinate map. The feature 

point is a key pixel point that describes the outlines of the facial features, such as a pixel 

point on the eyes, mouth, nose, or the contour of the face. 

[0078] In an embodiment, the preset loss function is as follows: 10 

 

[0079] where  is the training UV coordinate map,  is the predicted UV 

coordinate map, and is the preset loss weight. For the training UV coordinate 

map  and the predicted UV coordinate map , the three-dimensional 

coordinates associated with the pixel points at the same position may be extracted 15 

respectively to calculate the difference value, and then the difference value of each pixel 

point may be obtained. If the pixel point is in a key point area of the face, such as the eyes, 

mouth, nose, and the like, the preset loss weight may be increased. For example, if the pixel 

point  in the key area of the eyes, mouth, nose, and the like, then is set 

to 4, and if in other areas, is set to 1 to improve accuracy. 20 

[0080] After the loss rate the calculated, a partial derivative of each network parameter  

with respect to the loss function  may be calculated to obtain the gradient: 

 

[0081] where  is the gradient,  is the loss function,  is the network parameter, 
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and  is to solve the partial derivative. 

[0082] If the gradient does not meet a preset iteration condition, for example, the difference 

between successive gradients is greater than or equal to a preset difference threshold, or the 

number of iterations is not reached, gradient descent is performed on the network parameter 

of the semantic segmentation network according to the following formula using the gradient 5 

and the preset learning rate: 

 

[0083] where  is the network parameter after update,  is the network parameter 

before the update,  is the learning rate, and  is the gradient. 

[0084] If the gradient satisfies the preset iteration condition, for example, the difference 10 

between successive gradients is less than or equal to the preset difference threshold, or the 

number of iterations is reached, the training is ended, the network parameter  is output, 

and the face detection model is acquired. 

[0085] In the embodiment of the present disclosure, three-dimensional reconstruction is 

performed on the training face image to generate the training three-dimensional face model, 15 

and the training UV coordinate map is generated by the training three-dimensional face 

model, so as to acquire training data to train a semantic segmentation network, and acquire a 

face detection model without manual labeling of the training face image and the training UV 

coordinate map, thereby avoiding the situation that manual estimation and labeling need to 

be performed on the training data in the related art, and thus result in inaccurate training 20 

data and inaccurate face key point coordinates output by the CNN, improving the 

performance of the face detection model, and also improving the accuracy of face key point 

detection. 

[0086] The face detection model may generate the UV coordinate map including 

three-dimensional coordinates, and may detect the three-dimensional coordinates of key 25 

points, such that the detected face key points have depth information, and the application 

scenarios of key points is enriched. 

[0087] FIG. 3A is a flow chart of a method for detecting a face key point according to an 

embodiment of the present disclosure. The embodiment of the present disclosure is 

applicable to the case of detecting a face key point through a face image. The method may 30 
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be performed by an apparatus for detecting a face key point. The apparatus may be 

implemented by at least one of software and hardware and integrated in a device for 

performing the method. As shown in FIG. 3A, the method may include steps S301 to S304.  

[0088] In step S301, a target face image is acquired. 

[0089] In the embodiment of the present disclosure, the target face image may be a face 5 

image to which a video effect is to be added. For example, in the process of live video or 

short video recording, when a user selects the operation of adding video effects such as 

cosmetic contact lenses, adding stickers, face-lifting, and the like, a live video APP detects 

the user's operation and captures an image frame containing the face from video frames 

collected by a camera as the target face image. The target face image may also be a face 10 

image of a face to be authenticated collected by a face authentication device during face 

authentication, may also be a face image when the user performs image processing on 

images stored locally, and may also be another image of which face key points are to be 

detected. The method of acquiring the target face image is not limited in the embodiment of 

the present disclosure. 15 

[0090] In step S302, the target face image is input into a pre-trained face detection model so 

as to generate a UV coordinate map of the target face image, the UV coordinate map 

includes a plurality of pixel points, and each pixel point in the UV coordinate map includes 

three-dimensional coordinates. 

[0091] In the embodiment of the present disclosure, the face detection model may be trained 20 

through step S3021 to step S3024. 

[0092] In step S3021, a training face image is acquired. 

[0093] In step S3022, a training three-dimensional face model is acquired by performing 

three-dimensional reconstruction on the training face image based on a preset 

three-dimensional face model. 25 

[0094] In step S3023, a training UV coordinate map including three-dimensional 

coordinates of the training three-dimensional face model is generated based on the training 

three-dimensional face model. 

[0095] In step S3024, a face detection model is acquired by training a semantic 

segmentation network using the training face image and the training UV coordinate map, 30 

wherein the face detection model is configured to generate a UV coordinate map including 

three-dimensional coordinates. 

[0096] For the method for training a face detection model, reference may be made to the 

above embodiment, which will not be described in detail here. 
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[0097] As shown in FIG. 3B, after the target face image is input into the pre-trained face 

detection model, the UV coordinate map of the target face image as shown in FIG. 3B may 

be generated. The UV coordinate map includes a plurality of pixel points. Each pixel point 

in the UV coordinate map includes three-dimensional coordinates. In an exemplary 

embodiment, the resolution of the output UV coordinate map is the same as that of the target 5 

face image. 

[0098] In step S303, a UV template map is acquired, and the UV template includes a 

pre-labeled face key point. 

[0099] The UV template map may be a two-dimensional map acquired by summarizing a 

large number of UV coordinate maps. A face key point is labeled in the UV template map 10 

which is suitable for the detection of key points of most faces. 

[00100] FIG. 3C is a schematic diagram of a UV template map according to an embodiment 

of the present disclosure. The UV template map is pre-labeled with a face key point. For 

example, face key points such as eyes, nose, mouth, and face contours are labeled on the UV 

template map. 15 

[00101] In step S304, a pixel point corresponding to the face key point is determined in the 

UV coordinate map so as to detect three-dimensional coordinates of the face key point are 

detected. 

[00102] In an embodiment of the present disclosure, the resolution of the UV coordinate 

map is the same as that of the UV template map, and the pixels thereof are in a one-to-one 20 

correspondence. A pixel point corresponding to the face key point pre-labeled on the UV 

template may be determined in the UV coordinate map in order to detect the 

three-dimensional coordinates of the face key point, thereby improving the detection 

efficiency of the face key point. 

[00103] For example, in the UV template map, a classification mark may be added to the 25 

pre-labeled face key point based on different service requirements to meet the different 

service needs of users. For example, key points of the eyes are marked as A, key points of 

the nose are classified as B, key points of the mouth are marked as C, and the like. When the 

user needs to add special effects to the eyes in the live video, face key points marked as A 

on the UV template map are valid, then pixel points corresponding to the face key points 30 

marked as A may be determined in the UV coordinate map, and then acquire the 

three-dimensional coordinates associated with the pixel points to realize the detection of the 

face key points, such that special effects may be performed based on the three-dimensional 

coordinates of the face key points. 
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[00104] In the embodiment of the present disclosure, the UV coordinate map of the target 

face image is generated by inputting the target face image into the pre-trained face detection 

model, the UV template map including the pre-labeled face key point is acquired, and the 

pixel point corresponding to the face key point is determined in the UV coordinate map to 

detect three-dimensional coordinates of the face key point. The face detection model in the 5 

embodiment of the present disclosure does not need to manually label the training face 

image and the training UV coordinate map, thereby avoiding the situation that manual 

estimation and labeling need to be performed on the training data in the related art, and thus 

result in inaccurate training data and inaccurate face key point coordinates output by the 

CNN, improving the performance of the face detection model, and being able to acquire 10 

accurate face key points. 

[00105] Each pixel point in the UV coordinate map includes three-dimensional coordinates. 

Three-dimensional coordinates of a key point may be detected, such that the detected face 

key point has depth information, and the application scenarios of the key point is enriched. 

[00106] FIG. 4 is a structural block diagram of an apparatus for training a face detection 15 

model according to an embodiment of the present disclosure. As shown in FIG. 4, the apparatus 

includes a training face image acquiring module 401, a three-dimensional reconstruction module 

402, a training UV coordinate map generating module 403 and a training module 404.  

[00107] The training face image acquiring module 401 is configured to acquire a training face 

image.  20 

[00108] The three-dimensional reconstruction module 402 is configured to acquire a training 

three-dimensional face model by performing three-dimensional reconstruction on the training 

face image based on a preset three-dimensional face model.  

[00109] The training UV coordinate map generating module 403 is configured to generate a 

training UV coordinate map including three-dimensional coordinates of the training 25 

three-dimensional face model based on the training three-dimensional face model.  

[00110] The training module 404 is configured to acquire a face detection model by training a 

semantic segmentation network by using the training face image and the training UV coordinate 

map, wherein the face detection model is configured to generate a UV coordinate map including 

three-dimensional coordinates.  30 

[00111] In an embodiment, the three-dimensional reconstruction module 402 includes a 

three-dimensional face model selecting sub-module, a principal component analyzing sub-module 

and a three-dimensional reconstruction sub-module. 

[00112] The three-dimensional face model selecting sub-module is configured to select M 
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three-dimensional face models.  

[00113] The principal component analyzing sub-module is configured to acquire a principal 

component matrix and an eigenvalue matrix by performing principal component analysis (PCA) 

on the M three-dimensional face models. 

[00114] The three-dimensional reconstruction sub-module is configured to, for each training face 5 

image, acquire the training three-dimensional face model by performing three-dimensional 

reconstruction on each training face image using the principal component matrix and an 

eigenvalue matrix corresponding to each training face image. 

[00115] In an embodiment, the three-dimensional reconstruction module 402 further includes a 

three-dimensional face model preprocessing sub-module and a three-dimensional face model 10 

aligning sub-module. 

[00116] The three-dimensional face model preprocessing sub-module is configured to preprocess 

the selected three-dimensional face models.  

[00117] The three-dimensional face model aligning sub-module is configured to acquire aligned 

three-dimensional face models by aligning preprocessed three-dimensional face models using an 15 

optical flow method.  

[00118] The preprocessing includes at least one of: smoothing, hole-filling and coordinate 

correction. 

[00119] In an embodiment, the three-dimensional reconstruction module includes an initial 

parameter setting unit, an initial three-dimensional face model constructing unit, an initial 20 

three-dimensional face model projecting unit, a difference value calculating unit, an optimizing 

unit and a training three-dimensional face model generating unit.  

[00120] The initial parameter setting unit is configured to set an initial eigenvalue matrix and an 

initial projection parameter matrix.  

[00121] The initial three-dimensional face model constructing unit is configured to construct an 25 

initial three-dimensional face model by using the initial eigenvalue matrix and the principal 

component matrix.  

[00122] The initial three-dimensional face model projecting unit is configured to acquire a 

projected face image of the initial three-dimensional face model in a two-dimensional space 

based on the initial projection parameter matrix. 30 

[00123] The difference value calculating unit is configured to calculate a difference value 

between the projected face image and the training face image. 

[00124] The optimizing unit is configured to iteratively optimize the initial eigenvalue matrix and 

the initial projection parameter matrix by using a stochastic gradient descent method based on the 
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difference value, and when the difference value converges, acquire the eigenvalue matrix and the 

projection parameter matrix and take the eigenvalue matrix and the projection parameter matrix 

as a target eigenvalue matrix and a target projection parameter matrix, and take the target 

eigenvalue matrix as the eigenvalue matrix corresponding to the training face image.  

[00125] The training three-dimensional face model generating unit is configured to generate the 5 

training three-dimensional face model by using the target eigenvalue matrix and the principal 

component matrix. 

[00126] In an embodiment, the optimizing unit includes a feature point selecting sub-unit, a 

difference value calculating sub-unit, a first iterative optimization sub-unit and a second iterative 

optimization sub-unit.  10 

[00127] The feature point selecting sub-unit is configured to, for first N rounds of iterative 

optimization, randomly select K feature points from the training face image and the projected 

face image. The feature points may be key pixel points describing the contours of eyebrows, eyes, 

a nose, a mouth and ears of a face, or may be pixel points in the contours of eyes, the mouth or 

the facial figure. 15 

[00128] The difference value calculating sub-unit is configured to calculate a difference value 

between the projected face image and the training face image based on the K feature points.  

[00129] The first iterative optimization sub-unit is configured to iteratively optimize part of the 

eigenvalues in the initial eigenvalue matrix and the initial projection parameter matrix using the 

stochastic gradient descent method based on the difference value.  20 

[00130] The second iterative optimization sub-unit is configured to, after the N rounds of 

iterative optimization, optimize all the eigenvalues in the eigenvalue matrix after the N rounds of 

iterations and the projection parameter matrix after the N rounds of iterations using the stochastic 

gradient descent method, and when the difference value converges, acquire the eigenvalue matrix 

and the projection parameter matrix and take the eigenvalue matrix and the projection parameter 25 

matrix as the target eigenvalue matrix and the target projection parameter matrix.  

[00131] In an embodiment, the training UV coordinate map generating module 403 includes a 

vertex acquiring sub-module, a projecting sub-module and a training UV coordinate map 

generating sub-module.  

[00132] The vertex acquiring sub-module is configured to acquire a plurality of vertices of the 30 

training three-dimensional face model, and each of the vertices has three-dimensional 

coordinates.  

[00133] The projecting sub-module is configured to project the plurality of vertices onto the 

preset spherical surface and acquire a plurality of projection points corresponding to the plurality 
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of vertices on a preset spherical surface. 

[00134] The training UV coordinate map generating sub-module is configured to unfold the 

spherical surface containing the plurality of projection points so as to generate a training UV 

coordinate map containing the plurality of projection points, wherein each projection point in the 

training UV coordinate map is associated with three-dimensional coordinates of a corresponding 5 

vertex.  

[00135] In an embodiment, the training module 404 includes a training face image extracting 

sub-module, a predicted UV coordinate map extracting sub-module, a loss rate calculating 

sub-module, a gradient calculating sub-module, an iteration condition judging sub-module, a face 

detection model determining sub-module and a network parameter adjusting sub-module.  10 

[00136] The training face image extracting sub-module is configured to extract the training face 

image.  

[00137] The predicted UV coordinate map extracting sub-module is configured to input the 

training face image into a semantic segmentation network so as to extract a predicted UV 

coordinate map. 15 

[00138] The loss rate calculating sub-module is configured to calculate a loss rate of the 

predicted UV coordinate map by using a preset loss function and the training UV coordinate map. 

[00139] The gradient calculating sub-module is configured to calculate a gradient using the loss 

rate. 

[00140] The iteration condition judging sub-module is configured to judge whether the gradient 20 

satisfies a preset iteration condition. 

[00141] The face detection model determining sub-module is configured to determine the 

semantic segmentation network as a face detection model. 

[00142] The network parameter adjusting sub-module is configured to perform gradient descent 

on a network parameter of the semantic segmentation network using the gradient and a preset 25 

learning rate, and return to the step of extracting the training face image.  

[00143] In an embodiment, the loss rate calculating sub-module includes a training UV 

coordinate map unit and a loss rate calculating unit. 

[00144] The training UV coordinate map unit is configured to acquire a training UV coordinate 

map corresponding to the training face image.  30 

[00145] The loss rate calculating unit is configured to calculate the loss rate of the predicted UV 

coordinate map by using the training UV coordinate map, the predicted UV coordinate map, the 

preset loss function and a preset loss weight, wherein the preset loss weight is a preset loss 

weight of a feature point in the training UV coordinate map. The feature points here may be key 
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pixel points describing the contours of eyebrows, eyes, a nose, a mouth and ears of a face, or may 

be pixel points in the contours of eyes, the mouth or the facial figure. 

[00146] The apparatus for training a face detection model according to the embodiment of the 

present disclosure may perform the method for training a face detection model according to any 

embodiment of the present disclosure.  5 

[00147] FIG. 5 is a structural block diagram of an apparatus for detecting a face key point 

according to an embodiment of the present disclosure. As shown in FIG. 5, the apparatus includes 

a target face image acquiring module 501, a UV coordinate map generating module 502, a 

template image acquiring module 503 and a face key point three-dimensional coordinates 

detecting module 504.  10 

[00148] The target face image acquiring module 501 is configured to acquire a target face image.  

[00149] The UV coordinate map generating module 502 is configured to input the target face 

image into a pre-trained face detection model so as to generate a UV coordinate map of the target 

face image, wherein the UV coordinate map includes a plurality of pixel points, and each pixel 

point of the UV coordinate map includes three-dimensional coordinates.  15 

[00150] The template image acquiring module 503 is configured to acquire a UV template image 

including a pre-labeled face key point.  

[00151] The face key point three-dimensional coordinates detecting module 504 is configured to 

determine pixel points corresponding to the face key points in the UV coordinate map so as to 

detect three-dimensional coordinates of the face key points.  20 

[00152] The apparatus for detecting a face key point according to the embodiment of the present 

disclosure may perform the method for detecting a face key point according to any embodiment 

of the present disclosure, has the functional modules for performing the corresponding methods 

and can produce the corresponding beneficial effects.  

[00153] FIG. 6 shows a schematic structural block diagram of a device according to an 25 

embodiment of the present disclosure. As shown in FIG. 6, the device includes: a processor 60, a 

memory 61, a display screen 62 with a touch function, an input apparatus 63, an output apparatus 

64, and a communication apparatus 65. The number of the processors 60 in the device may be at 

least one. In FIG. 6, one processor 60 is taken as an example. The number of the memory 61 in 

the device may be at least one. In FIG. 6, one memory 61 is taken as an example. The processor 30 

60, the memory 61, the display screen 62, the input apparatus 63, the output apparatus 64, and the 

communication apparatus 65 of the device may be connected by a bus or other means. The 

connection is realized by a bus in FIG. 6 as an example.  

[00154] As a computer-readable storage medium, the memory 61 is configured to store software 
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programs, computer-executable programs and modules, such as the program instructions/modules 

corresponding to the method for training a face detection model according to any embodiment of 

the present disclosure (for example, the training face image acquiring module 401, the 

three-dimensional reconstruction module 402, the training UV coordinate map generating module 

403 and the training module 404 of the above apparatus for training a face detection model) or 5 

the program instructions/modules corresponding to the method for detecting a face key point 

according to any embodiment of the present disclosure (for example, the target face image 

acquiring module 501, the UV coordinate map generating module 502, the template image 

acquiring module 503 and the face key point three-dimensional coordinates detecting module 504 

of the above apparatus for detecting a face key point). The memory 61 may mainly include a 10 

program storage region and a data storage area. The program storage region may store an 

operation apparatus program, and an application program required by at least one function. The 

data storage region may store data created based on the use of the device, and the like. In addition, 

the memory 61 may include a high-speed random-access memory, and may further include a 

non-volatile memory, such as at least one magnetic disk storage device, a flash memory device, 15 

or other non-volatile solid-state storage devices. In some examples, the memory 61 may further 

include a memory remotely provided with respect to the processor 60. These remote memories 

may be connected to the device 10 via a network. Examples of the networks include, but are not 

limited to, the Internet, an intranet, a local area network, a mobile communication network, and 

combinations thereof.  20 

[00155] The display screen 62 is a display screen 62 with a touch function, and may be a 

capacitive screen, an electromagnetic screen or an infrared screen. In general, the display screen 

62 is configured to display data based on instructions of the processor 60, and is further 

configured to receive touch operations on the display screen 62 and send corresponding signals to 

the processor 60 or other devices. In an embodiment, in the case that the display screen 62 is the 25 

infrared screen, the display screen 62 further includes an infrared touch frame. The infrared touch 

frame is disposed around the display 42, and is configured to receive an infrared signal and send 

the infrared signal to the processor 50 or other devices. 

[00156] The communication apparatus 65 is configured to establish a communication connection 

with other devices, and may be at least one of a wired communication apparatus and a wireless 30 

communication apparatus. 

[00157] The input apparatus 63 is configured to receive input digital or character information, 

and generate key signal input related to user settings and function control of the device, and is 

further configured as a camera for acquiring images and a sound pickup device for acquiring 
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audio data. The output apparatus 64 may include an audio device such as a speaker. It should be 

noted that the composition of the input apparatus 63 and the output apparatus 64 may be set based 

on actual conditions. 

[00158] The processor 60 executes various functional applications and data processing of the 

device by running software programs, instructions, and modules stored in the memory 61, so as 5 

to realize the above task processing method based on the neural network. 

[00159] According to the sixth aspect, an embodiment of the present disclosure provides a 

computer-readable storage medium. The computer-readable storage medium stores a computer 

program therein, wherein when the program is executed by a processor, at least one of the method 

for training a face detection model and the method for detecting a face key point according to any 10 

of the embodiments of the present disclosure is realized. 

[00160] An embodiment of the present disclosure further provides a computer-readable storage 

medium. An instruction in the storage medium, which being executed by the processor of the 

device, enables the device to perform the audio detection method according to the above method 

embodiment. 15 

[00161] It should be noted that, for the apparatus, device, and storage medium embodiments, 

since they are basically similar to the method embodiments, the description is relatively simple. 

For related parts, please refer to the part of the description of the method embodiments. 

[00162] Through the above description to the embodiments, it can be clearly understood by those 

skilled in the art that, the present application may be implemented by hardware, or by software 20 

and necessary common hardware, and of course may be implemented by hardware. Based on 

such understandings, the technical solutions of the present application or the part thereof 

contributing to the prior art may be substantially reflected in the form of a software product. The 

computer software product is stored in a computer readable storage medium, and includes several 

instructions to cause a computer device (which may be a robot, a personal computer, a server or a 25 

network device) to perform the audio detection method according to any embodiment of the 

present disclosure, the storage medium including a floppy disk of a computer, a read-only 

memory (ROM), a random-access memory (RAM), a flash, a hard disk, an optical disk, or the 

like. 

[00163] It is worth noting that, in the above-mentioned audio detection apparatus, each unit and 30 

module included therein are only divided according to functional logic, but not limited to the 

above division, as long as the corresponding functions can be realized. In addition, the specific 

name of each functional unit is only for the convenience of distinguishing each other, and is not 

used to limit the protection scope of the present application. 
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[00164] It should be noted that each part in the present application may be implemented in 

hardware, software, firmware, or any combination thereof. In the above embodiments, a plurality 

of steps or methods may be implemented with software or firmware that are stored in the memory 

and executed by a suitable instruction execution system. For example, if implemented with 

hardware, as in another embodiment, they may be implemented using any one or a combination 5 

of the following techniques well known in the art: a discrete logic circuit having a logic gate 

circuit having logic gates for implementing logic functions of data signals, an application-specific 

integrated circuit with a suitable combinational logic gate circuit, a programmable gate array 

(PGA), a field programmable gate array (FPGA), and the like. 

[00165] In the description of the present specification, the description of referring terms such as 10 

“an embodiment”, “some embodiments”, “an example”, “a specific example” and “some 

examples” integrate particular features, structures, materials or characteristics described in 

combination of the embodiments or examples and included in at least one embodiment or 

example of the present application. In the description, schematic description of the above terms 

does not necessarily refer to the same embodiment or example. Furthermore, the described 15 

particular features, structures, materials or characteristics can be integrated with any one or more 

embodiments or examples in a proper manner. 
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CLAIMS 

What is claimed is:  

1. A method for training a face detection model, comprising:  

acquiring a training face image;  

performing three-dimensional reconstruction on the training face image based on a 

preset three-dimensional face model, and acquiring a training three-dimensional face 

model by: selecting M three-dimensional face models; performing principal component 

analysis on the M three-dimensional face models, and acquiring a principal component 

matrix; and  performing three-dimensional reconstruction on each training face image 

by using the principal component matrix and an eigenvalue matrix corresponding to each 

training face image, and acquiring the training three-dimensional face model;  

generating a training UV coordinate map comprising three-dimensional coordinates 

of the training three-dimensional face model based on the training three-dimensional 

face model; and  

training a semantic segmentation network by using the training face image and the 

training UV coordinate map, and acquiring a face detection model by: extracting the 

training face image; inputting the training face image into the semantic segmentation 

network to extract a predicted UV coordinate map; calculating a loss rate of the 

predicted UV coordinate map by using a preset loss function and the training UV 

coordinate map; calculating a gradient by using the loss rate; judging whether the 

gradient satisfies a preset iteration condition; determining the semantic segmentation 

network as a face detection model based on a judgment result that the gradient satisfies 

the preset iteration condition; and performing gradient descent on a network parameter 

of the semantic segmentation network by using the gradient and a preset learning rate, 

and returning to the step of extracting the training face image based on a judgment result 

that the gradient does not satisfy the preset iteration condition, wherein the face 

detection model is configured to generate a UV coordinate map comprising 

three-dimensional coordinates. 

 

2. The method according to claim 1, before performing principal component 

analysis on the M three-dimensional face models, and acquiring a principal component 

matrix, further comprising:  

preprocessing selected three-dimensional face models; and  

aligning preprocessed three-dimensional face models by using an optical flow 
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method, and acquiring aligned three-dimensional face models, 

wherein the preprocessing comprises at least one of: smoothing, hole-filling and 

coordinate correction.  

 

3. The method according to claim 1 or 2, wherein performing three-dimensional 

reconstruction on each training face image by using the principal component matrix and 

an eigenvalue matrix corresponding to each training face image, and acquiring the 

training three-dimensional face model comprises:  

setting an initial eigenvalue matrix and an initial projection parameter matrix;  

constructing an initial three-dimensional face model by using the initial eigenvalue 

matrix and the principal component matrix; 

acquiring a projected face image of the initial three-dimensional face model in a 

two-dimensional space based on the initial projection parameter matrix;  

calculating a difference value between the projected face image and the training 

face image; 

iteratively optimizing the initial eigenvalue matrix and the initial projection 

parameter matrix by using a stochastic gradient descent method based on the difference 

value, acquiring the eigenvalue matrix and the projection parameter matrix , when the 

difference value converges and taking the eigenvalue matrix and the projection 

parameter matrix as a target eigenvalue matrix and a target projection parameter matrix, 

and taking the target eigenvalue matrix as the eigenvalue matrix corresponding to the 

training face image; and  

generating the training three-dimensional face model by using the target eigenvalue 

matrix and the principal component matrix. 

 

4. The method according to claim 3, wherein iteratively optimizing the initial 

eigenvalue matrix and the initial projection parameter matrix by using a stochastic 

gradient descent method based on the difference value, acquiring the eigenvalue matrix 

and the projection parameter matrix, when the difference value converges, and taking the 

eigenvalue matrix and the projection parameter matrix as a target eigenvalue matrix and 

a target projection parameter matrix comprises:  

randomly selecting K feature points from the training face image and the projected 

face image, for first N rounds of iterative optimization; 

calculating a difference value between the projected face image and the training 
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face image based on the K feature points; 

iteratively optimizing part of the eigenvalues in the initial eigenvalue matrix and the 

initial projection parameter matrix using the stochastic gradient descent method based on 

the difference value; and 

after the N rounds of iterative optimization, optimizing all the eigenvalues in the 

eigenvalue matrix after the N rounds of iterations and the projection parameter matrix 

after the N rounds of iterations by using the stochastic gradient descent method, 

acquiring the eigenvalue matrix and the projection parameter matrix, when the difference 

value converges, and taking the eigenvalue matrix and the projection parameter matrix as 

the target eigenvalue matrix and the target projection parameter matrix.  

 

5. The method according to claim 1 or 2, wherein generating the training UV 

coordinate map comprising the three-dimensional coordinates of the training 

three-dimensional face model based on the training three-dimensional face model 

comprises:  

acquiring a plurality of vertices of the training three-dimensional face model, each 

of the vertices having three-dimensional coordinates; 

projecting the plurality of vertices onto a preset spherical surface and acquiring a 

plurality of projection points corresponding to the plurality of vertices on the preset 

spherical surface; and 

unfolding the spherical surface comprising the plurality of projection points  to 

generate a training UV coordinate map comprising the plurality of projection points, 

wherein each projection point in the training UV coordinate map is associated with 

three-dimensional coordinates of a corresponding vertex. 

 

6. The method according to claim 1, wherein calculating the loss rate of the 

predicted UV coordinate map by using the preset loss function and the training UV 

coordinate map comprises:  

acquiring a training UV coordinate map corresponding to the training face image; 

and 

calculating the loss rate of the predicted UV coordinate map by using the  training 

UV coordinate map, the predicted UV coordinate map, the preset loss function and a 

preset loss weight, wherein the preset loss weight is a preset loss weight of a feature 

point in the training UV coordinate map.  
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7. A method for detecting a face key point, comprising:  

acquiring a target face image;  

inputting the target face image into a pre-trained face detection model to generate a 

UV coordinate map of the target face image, wherein the UV coordinate map comprises 

a plurality of pixel points, and each pixel point of the UV coordinate map comprises 

three-dimensional coordinates; 

acquiring a UV template image comprising a pre-labeled face key point, wherein a 

resolution of the UV template image is the same as that of the UV coordinate map, and 

pixels in the UV template image and the UV coordinate map are in a one-to-one 

correspondence; and 

determining a pixel point in the UV coordinate map corresponding to the 

pre-labeled face key point in the UV template image to detect three-dimensional 

coordinates of the face key point, 

wherein the pre-trained face detection model is trained by the method for training a 

face detection model according to any of claims 1-6. 

 

8. An apparatus for training a face detection model, comprising:  

a training face image acquiring module configured to acquire a training face image;  

a three-dimensional reconstruction module configured to perform three-dimensional 

reconstruction on the training face image based on a preset three-dimensional face model 

and acquire a training three-dimensional face model by: selecting M three-dimensional 

face models; performing principal component analysis on the M three-dimensional face 

models, and acquiring a principal component matrix; and  performing 

three-dimensional reconstruction on each training face image by using the principal 

component matrix and an eigenvalue matrix corresponding to each training face image, 

and acquiring the training three-dimensional face model;  

a training UV coordinate map generating module configured to generate a training 

UV coordinate map comprising three-dimensional coordinates of the training 

three-dimensional face model based on the training three-dimensional face model; and  

a training module configured to train a semantic segmentation network by using the 

training face image and the training UV coordinate map and acquire a face detection 

model by: extracting the training face image; inputting the training face image into the 

semantic segmentation network to extract a predicted UV coordinate map;  calculating a 
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loss rate of the predicted UV coordinate map by using a preset loss function and the 

training UV coordinate map; calculating a gradient by using the loss rate; judging 

whether the gradient satisfies a preset iteration condition;  determining the semantic 

segmentation network as a face detection model based on a judgment result that the 

gradient satisfies the preset iteration condition; and performing gradient descent on a 

network parameter of the semantic segmentation network by using the gradient and a 

preset learning rate, and returning to the step of extracting the training face image based 

on a judgment result that the gradient does not satisfy the preset iteration condition , 

wherein the face detection model is configured to generate a UV coordinate map 

comprising three-dimensional coordinates. 

 

9. An apparatus for detecting a face key point, comprising:  

a target face image acquiring module configured to acquire a target face image;  

a UV coordinate map generating module configured to input the target face image 

into a pre-trained face detection model to generate a UV coordinate map of the target 

face image, wherein the UV coordinate map comprises a plurality of pixel points, and 

each pixel point of the UV coordinate map comprises three-dimensional coordinates; 

a template image acquiring module configured to acquire a UV template image 

comprising a pre-labeled face key point, wherein a resolution of the UV template image 

is the same as that of the UV coordinate map, and pixels in the UV template image and 

the UV coordinate map are in a one-to-one correspondence; and 

a face key point three-dimensional coordinates detecting module configured to 

determine a pixel point in the UV coordinate map corresponding to the pre-labeled face 

key point in the UV template image to detect three-dimensional coordinates of the face 

key point, 

wherein the pre-trained face detection model is trained by the method for training a 

face detection model according to any of claims 1-6.  

 

10. A device comprising:  

at least one processor; and  

a storage apparatus for storing at least one program,  

wherein when the at least one program is executed by the at least one processor, the 

at least one processor is enabled to realize at least one of the method for training a face 

detection model according to any of claims 1-6 and the method for detecting a face key 
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point according to claim 7. 

 

11. A computer-readable storage medium storing a computer program therein, 

wherein when the program is executed by a processor, at least one of the method for 

training a face detection model according to any of claims 1-6 and the method for 

detecting a face key point according to claim 7 is realized.  

 




