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Description

Key Point Detection Method and Apparatus, Electronic Device and Storage 
Medium 

CROSS-REFERENCE TO RELATED APPLICATION 

The present disclosure claims the priority to Chinese Patent Application No. 201811593614.X 

filed with National Intellectual Property Administration, PRC, on December 25, 2018, entitled 

"Key Point Detection Method and Apparatus, Electronic Device and Storage Medium", which is 

incorporated herein by reference in its entirety. 

Technical Field 

The present disclosure relates to the field of computer technology, and in particular to a key point 

detection method and apparatus, an electronic device and a storage medium. 

Background of the Invention 

In related technologies, multiple targets such as human faces, objects, and scenes may appear in 

one frame of an image. The multiple targets shown may overlap, block or interfere with each other 

in the image, resulting in inaccurate detection for a key point of the image. In addition, the target 

may be blocked or fall out of the image capturing range, that is, a part of the target is not captured, 

and this may also result in low robustness of key point detection and inaccurate detection for 

target points. 

Summary of the Invention 

The present disclosure provides a key point detection method and apparatus, an electronic device 

and a storage medium. 

According to an aspect of the present disclosure, a key point detection method is provided, 

comprising: 

determining an area in which a plurality of pixels of an image to be processed are located and first 

direction vectors of the plurality of pixels pointing to a key point of the area, wherein the image to 

be processed comprises one or more areas; and 

determining the position of the key point in the area based on the area in which the pixels are 

located and the first direction vectors of the plurality of pixels in the area. 
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According to the key point detection method in the embodiments of the present disclosure, the 

area in which the plurality of pixels are located and the first direction vectors of the plurality of 

pixels pointing to the key point of the area may be obtained, and the position of the key point in 

the area may be determined according to the first direction vectors. Thus, the situation where the 

target area is blocked or falls out of the image capturing range is avoided, the robustness of key 

point detection is improved, and the accuracy of detection is increased. 

In a possible implementation, the determining the position of the key point in the area based on the 

area in which the pixels are located and the first direction vectors of the plurality of pixels in the 

area comprises: 

determining estimated coordinates of the key point in a target area and weights of the estimated 

coordinates of the key point based on the area in which the pixels are located and the first 

direction vectors, wherein the target area is any one of the one or more areas; and 

performing weighted averaging on the estimated coordinates of the key point in the target area 

based on the weights of the estimated coordinates of the key point, to obtain the position of the 

key point in the target area. 

In this way, the estimated coordinates of key point in the target area may be detected, and the 

estimated coordinates of the key point may be determined for each target area, which reduces 

interferences between different areas and improves the accuracy of key point detection. 

Furthermore, the estimated coordinates of the key point may be determined by the second 

direction vectors. The weights of the estimated coordinates of the key point may be determined by 

the inner products of the first direction vectors and the second direction vectors. The probability 

distribution of the position of the key point may also be obtained by performing weighted 

averaging on the estimated coordinates of the key point to obtain the position of the key point, 

which improves the accuracy in determining the position of the key point. 

In a possible implementation, the determining the estimated coordinates of the key point in the 

target area and the weights of the estimated coordinates of the key point based on the area in 

which the pixels are located and the first direction vectors comprises: 

screening the plurality of pixels of the image to be processed based on the area in which the pixels 

are located, to determine a plurality of target pixels falling within the target area; 

determining coordinates of the intersection of the first direction vectors of any two target pixels as 

the estimated coordinates of the key point; and 

determining the weights of the estimated coordinates of the key point based on the estimated 

coordinates of the key point and the pixels in the target area. 

In a possible implementation, the determining the weights of the estimated coordinates of the key 
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point based on the estimated coordinates of the key point and the pixels in the target area 

comprises: 

determining second direction vectors of the plurality of pixels in the target area pointing to the 

estimated coordinates of the key point respectively based on the estimated coordinates of the key 

point and coordinates of the plurality of pixels in the target area; 

determining inner products of the second direction vectors and the first direction vectors of the 

plurality of pixels in the target area; 

determining a target quantity of pixels with the inner products greater than or equal to a 

predetermined threshold among the plurality of pixels in the target area; and 

determining the weights of the estimated coordinates of the key point based on the target quantity. 

In a possible implementation, the determining the area in which the plurality of pixels of the 

image to be processed are located and the first direction vectors of the plurality of pixels pointing 

to the key point of the area comprises: 

performing feature extraction processing on the image to be processed to obtain a first feature map 

with a preset resolution; 

performing up-sampling processing on the first feature map to obtain a second feature map with 

the same resolution as the image to be processed; and 

performing a first convolution processing on the second feature map to determine the area in 

which the plurality of pixels are located and the first direction vectors of the plurality of pixels 

pointing to the key point of the area. 

In this way, after the second feature map with the same resolution as the image to be processed is 

obtained, convolution processing may be performed on the second feature map to reduce the 

processing amount and improve the processing efficiency. 

In a possible implementation, the performing feature extraction processing on the image to be 

processed to obtain the first feature map with the preset resolution comprises: 

performing a second convolution processing on the image to be processed to obtain a third feature 

map with a preset resolution; and 

performing dilated convolution processing on the third feature map to obtain the first feature map. 

In this way, the third feature map with the preset resolution may be obtained, with a less impact on 

processing accuracy. In addition, the receptive field is expanded through the dilated convolution 

processing without any loss of processing accuracy, thereby improving the processing accuracy of 

the feature extraction processing. 

In a possible implementation, the area in which the plurality of pixels of the image to be processed 

are located and the first direction vectors of the plurality of pixels pointing to the key point of the 
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area are determined via a neural network, and the neural network is trained by using a plurality of 

sample images with partition labels and key point labels. 

According to another aspect of the present disclosure, a key point detection apparatus is provided, 

comprising: 

a first determination module, configured to determine an area in which a plurality of pixels of an 

image to be processed are located and first direction vectors of the plurality of pixels pointing to a 

key point of the area, wherein the image to be processed comprises one or more areas; and 

a second determination module, configured to determine the position of the key point in the area 

based on the area in which the pixels are located and the first direction vectors of the plurality of 

pixels in the area. 

In a possible implementation, the second determination module is further configured to: 

determine estimated coordinates of the key point in a target area and weights of the estimated 

coordinates of the key point based on the area in which the pixels are located and the first 

direction vectors, wherein the target area is any one of the one or more areas; and 

perform weighted averaging on the estimated coordinates of the key point in the target area based 

on the weights of the estimated coordinates of the key point, to obtain the position of the key point 

in the target area. 

In a possible implementation, the second determination module is further configured to: 

screen the plurality of pixels of the image to be processed based on the area in which the pixels are 

located, to determine a plurality of target pixels falling within the target area; 

determine coordinates of the intersection of the first direction vectors of any two target pixels as 

estimated coordinates of the key point; and 

determine the weights of the estimated coordinates of the key point based on the estimated 

coordinates of the key point and the pixels in the target area. 

In a possible implementation, the second determination module is further configured to: 

determine second direction vectors of the plurality of pixels in the target area pointing to the 

estimated coordinates of the key point respectively based on the estimated coordinates of the key 

point and the coordinates of the plurality of pixels in the target area; 

determine inner products of the second direction vectors and the first direction vectors of the 

plurality of pixels in the target area; 

determine a target quantity of pixels with the inner products greater than or equal to a 

predetermined threshold among the plurality of pixels in the target area; and 

determine the weights of the estimated coordinates of the key point based on the target quantity. 

In a possible implementation, the first determination module is further configured to: 
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perform feature extraction processing on the image to be processed to obtain the first feature map 

with the preset resolution; 

perform up-sampling processing on the first feature map to obtain a second feature map with the 

same resolution as the image to be processed; and 

perform a first convolution processing on the second feature map to determine the area in which 

the plurality of pixels are located and the first direction vectors pointing to the key point. 

In a possible implementation, the first determination module is further configured to: 

perform a second convolution processing on the image to be processed to obtain a third feature 

map with a preset resolution; and 

performing dilated convolution processing on the third feature map to obtain the first feature map. 

In a possible implementation, the first determination module is further configured to: 

determine, via a neural network, the area in which the plurality of pixels of the image to be 

processed are located and the first direction vectors of the plurality of pixels pointing to the key 

point of the area, the neural network is trained by using a plurality of sample images with partition 

labels and key point labels. 

According to another aspect of the present disclosure, an electronic device is provided, 

comprising: 

a processor; and 

a memory for storing processor executable instructions; 

wherein the processor is configured to execute the above key point detection method. 

According to another aspect of the present disclosure, a computer-readable storage medium having 

computer program instructions stored thereon is provided, and the computer program instructions, 

when being executed by a processor, implement the above key point detection method. 

According to the key point detection method in the embodiments of the present disclosure, a 

neural network may be used to obtain the area in which the plurality of pixels are located, and the 

estimated coordinates of the key point in the target area may be detected. The neural network 

expands the receptive field through a dilated convolution layer without any loss of processing 

accuracy, thereby improving the processing accuracy of the feature extraction operation. In 

addition, after the second feature map with the same resolution as the image to be processed is 

obtained, the second feature map may be subjected to convolution processing to reduce the 

processing amount and improve the processing efficiency. The estimated coordinates of the key 

point may be determined for each target area to reduce interferences between different areas, and 

the probability distribution of the position of the key point may be obtained by performing 

weighted averaging on the estimated coordinates of the key point to obtain the position of the key 
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point, which improves the accuracy in determining the position of the key point. In addition, the 

situation where the target area is blocked or falls out of the image capturing range is avoided, the 

robustness of key point detection is improved, and the accuracy of detection is increased. 

It should be understood that the above general description and the following detailed description 

are only exemplary and illustrative, rather than limiting the present disclosure. 

Other features and aspects of the present disclosure will become apparent from the following 

detailed description of the exemplary embodiments with reference to the figures. 

Brief Description of the Drawings 

The figures herein are incorporated into the description and constitute a part thereof. These figures 

illustrate embodiments that conform to the present disclosure and are used together with the 

description to explain the technical solutions of the present disclosure. 

FIG. 1 shows a flow diagram of a key point detection method according to an embodiment of the 

present disclosure; 

FIG. 2 shows a flow diagram of the key point detection method according to the embodiment of 

the present disclosure; 

FIG. 3 shows a schematic diagram of application of the key point detection method according to 

the embodiment of the present disclosure; 

FIG. 4 shows a block diagram of a key point detection apparatus according to an embodiment of 

the present disclosure; 

FIG. 5 shows a block diagram of an electronic device according to an embodiment of the present 

disclosure; and 

FIG. 6 shows a block diagram of an electronic device according to an embodiment of the present 

disclosure. 

Detailed Description of the Embodiments 

Various exemplary embodiments, features, and aspects of the present disclosure will be described 

in details below with reference to the figures. Like reference numbers in the figures indicate 

elements with like or similar functions. Although various aspects of the embodiments are shown in 

the figures, the figures are not necessarily drawn to scale unless otherwise specifically noted. 

The exclusive word "exemplary" here means "serving as an example, embodiment, or illustration". 

Any embodiment described herein as "exemplary" is not necessarily construed as being superior 

to or better than other embodiments. 

The term "and/or" herein is only an association relationship describing associated objects, which 
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means that there may be three relationships. For example, A and/or B may refer to three situations: 

A alone exists; both A and B exist; and B alone exists. In addition, the term "at least one" herein 

means any one of, or any combination of at least two of, a plurality of objects, for example, 

including at least one of A, B, and C may mean including any one or more elements selected from 

the set formed by A, B and C. 

In addition, in order to better illustrate the present disclosure, numerous specific details are given 

in the following specific embodiments. Those skilled in the art should understand that the present 

disclosure may also be implemented without some specific details. In some examples, methods, 

means, elements, and circuits well known to those skilled in the art are not described in details, so 

as to highlight the gist of the present disclosure. 

FIG. 1 shows a flow diagram of a key point detection method according to an embodiment of the 

present disclosure. As shown in FIG. 1, the method includes the following steps. 

In step S11, an area in which a plurality of pixels of an image to be processed are located and first 

direction vectors of the plurality of pixels pointing to a key point of the area are determined, 

wherein the image to be processed comprises one or more areas. 

In step S12, the position of the key point in the area is determined based on the area in which the 

pixels are located and the first direction vectors of the plurality of pixels in the area. 

According to the key point detection method in the embodiments of the present disclosure, the 

area in which the plurality of pixels are located and the first direction vectors of the plurality of 

pixels pointing to the key point of the area may be obtained, and the position of the key point in 

the area may be determined according to the first direction vectors. Thus, the situation where the 

target area is blocked or falls out of the image capturing range is avoided, the robustness of key 

point detection is improved, and the accuracy of detection is increased. 

In a possible implementation, in step S11, a neural network may be used to obtain the area in 

which the plurality of pixels of the image to be processed are located and the first direction vectors 

pointing to the key point of the area. The neural network may be a convolution neural network, 

and the present disclosure does not limit the type of the neural network. In an example, an image 

to be processed including one or more target objects may be input to the neural network for 

processing, and parameters related to an area in which a plurality of pixels of the image to be 

processed are located, as well as first direction vectors of the plurality of pixels pointing to the key 

point of the area in which the plurality of pixels are located, may be obtained. Alternatively, other 

methods may be used to obtain the area in which the plurality of pixels of the image to be 

processed are located, for example, at least one area in the image to be processed may be 

distinguished by means such as semantic segmentation. The present disclosure does not limit the 
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means for obtaining the area in which the plurality of pixels of the image to be processed are 

located. 

In an example, if there are two target objects A and B in an image to be processed, then the image 

to be processed may be divided into three areas, namely, area A in which the target object A is 

located, area B in which the target object B is located, and background area C. Any parameter of 

the area may be used to indicate the area in which a pixel is located. For example, if a pixel with 

coordinates (10, 20) is in the area A, the pixel may be expressed as (10, 20, A), and if a pixel with 

coordinates (50, 80) is in the background area, the pixel may be expressed as (50, 80, C). 

In another example, the area in which a pixel is located may also be expressed by a probability 

that the pixel is in a certain area. For example, if the probability of a certain pixel falling into the 

area A is 60%, the probability of falling into the area B is 10%, the probability of falling into the 

area D is 15%, and the probability of falling into the background area is 15%, it may be 

determined that the pixel falls into the area A. Alternatively, a numerical interval is used to 

indicate the area in which a pixel is located. For example, the neural network may output a 

parameter x that represents the area in which a certain pixel is located. If 0≤x<25, the pixel falls 

into the area A. If 25≤x<50, the pixel falls into the area B. If 50≤x<75, the pixel falls into the area 

D. And if 75≤x≤100, the pixel falls into the background area. The present disclosure does not limit

the parameter representing the area in which a pixel is located. In an example, a plurality of area

may also be a plurality of areas of one target object. For example, the target object is a human face,

the area A is a forehead area, and the area B is a cheek area... The present disclosure does not limit

the areas.

In an example, the neural network may also obtain a direction vector pointing from a pixel to a

key point in an area in which the pixel is located. For example, the direction vector may be a unit

vector, and the unit vector may be determined according to the following formula (1) :

v୩ሺpሻ ൌ
୶ౡି୮

∥୶ౡି୮∥మ
(1) 

wherein, v୩ሺpሻ is the first direction vector, p is any pixel in the k-th (k is a positive integer) area, 

xk is the key point of the k-th area in which p is located, ∥ x୩ െ p ∥ଶ is the modulus of the vector 

x୩ െ p, that is, the first direction vector v୩ሺpሻ is a unit vector. 

In an example, the area in which the pixel is located and the first direction vector may be 

expressed together with the coordinates of the pixel, for example, (10, 20, A, 0.707, 0.707), 

wherein (10, 20) is the coordinates of the pixel, A indicates that the area in which the pixel is 

located is the area A, and (0.707, 0.707) is the first direction vector of the pixel pointing to the key 

point of the area A. 
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In a possible implementation, the step S11 includes: performing feature extraction processing on 

the image to be processed to obtain a first feature map with a preset resolution; performing 

up-sampling processing on the first feature map to obtain a second feature map with the same 

resolution as the image to be processed; and performing a first convolution processing on the 

second feature map to determine the area in which the plurality of pixels are located and the first 

direction vectors of the plurality of pixels pointing to the key point of the area. 

In a possible implementation, a neural network may be used to determine the area in which the 

plurality of pixels of the image to be processed are located and the first direction vectors of the 

plurality of pixels pointing to the key point of the area. The neural network includes at least a 

down-sampling sub-network, an up-sampling sub-network, and a feature determination 

sub-network. 

In a possible implementation, performing feature extraction processing on the image to be 

processed to obtain a first feature map with a preset resolution includes: performing a second 

convolution processing on the image to be processed to obtain a third feature map with a preset 

resolution; and performing dilated convolution processing on the third feature map to obtain the 

first feature map. 

In a possible implementation, the down-sampling sub-network may be used to perform 

down-sampling processing on the image to be processed. The down-sampling sub-network may 

include a second convolution layer and a dilated convolution layer, wherein the second 

convolution layer of the down-sampling sub-network may perform second convolution processing 

on the image to be processed. The second convolution layer may also include a pooling layer, 

which may perform pooling and other processing on the image to be processed. After processing 

by the second convolution layer, a third feature map with a preset resolution may be obtained. In 

an example, the third feature map is a feature map with a preset resolution. For example, the 

resolution of the image to be processed is H×W (H and W are positive integers), and the preset 

resolution is H/8×W/8. The present disclosure does not limit the preset resolution. 

In a possible implementation, after the third feature map with the preset resolution is obtained, in 

order to prevent the processing accuracy from further degrading, down-sampling processing such 

as pooling may not be performed, and the dilated convolution layer is used instead for feature 

extraction processing. The third feature map with the preset resolution may be input into the 

dilated convolution layer for dilated convolution processing, so as to obtain the first feature map. 

The dilated convolution layer may expand the receptive field of the third feature map without 

further reducing the resolution, thereby improving the processing accuracy. 

In an example, the image to be processed may also be subjected to down-sampling by means of 
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interval sampling or the like, to obtain the first feature map with the preset resolution. The present 

disclosure does not limit the means for obtaining the first feature map with the preset resolution. 

In this way, the third feature map with the preset resolution may be obtained, with a less impact on 

processing accuracy. In addition, the receptive field is expanded through the dilated convolution 

processing without any loss of processing accuracy, thereby improving the processing accuracy of 

the feature extraction processing. 

In a possible implementation, the first feature map may be subjected to up-sampling processing 

through the up-sampling sub-network, that is, the first feature map may be input into the 

up-sampling sub-network for up-sampling processing, to obtain the second feature map with the 

same resolution as the image to be processed (for example, the resolution of the second feature 

map is H×W). In an example, the up-sampling sub-network may include a deconvolution layer, 

and the first feature map may be subjected to up-sampling through deconvolution processing. In 

an example, the first feature map may also be subjected to up-sampling through processing such as 

interpolation. The present disclosure does not limit the means for up-sampling processing. 

In a possible implementation, the second feature map may be subjected to the first convolution 

processing through the feature determination sub-network. In an example, the feature 

determination sub-network includes a first convolution layer through which the first convolution 

processing may be performed on the second feature map, and the area in which the plurality of 

pixels are located and the first direction vectors of the plurality of pixels pointing to the key point 

of the area may be determined. 

In a possible implementation, the resolution of the second feature map is the same as the 

resolution of the image to be processed, and full connection processing may not be performed. 

That is, the feature determination sub-network may not include a full connection layer. The feature 

determination sub-network may include a first convolution layer with one or more 1×1 

convolution kernels. Through the first convolution layer, the second feature map may be subjected 

to the first convolution processing to obtain the area in which the plurality of pixels of the second 

feature map are located and the first direction vectors pointing to the key point. Since the second 

feature map has the same resolution as the image to be processed, the area in which the plurality 

of the pixels of the second feature map are located and the first direction vectors of the plurality of 

pixels pointing to key point of the area may be determined as the area in which the plurality of 

pixels of the image to be processed are located and the first direction vectors of the plurality of 

pixels pointing to the key point of the area. For example, a pixel with the coordinates (10, 20) in 

the second feature map may be processed by the feature determination sub-network to obtain an 

output of (10, 20, A, 0.707, 0.707), which means that the area in which the pixel with the 
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coordinates (10, 20) is located is area A, and the first direction vector of the pixel pointing to the 

key point of the area A is (0.707, 0.707). The output may be used to represent the area in which the 

pixel with the coordinates (10, 20) of the image to be processed is located and the first direction 

vector of the pixel pointing to the key point of the area in which the pixel is located, that is, the 

area in which the pixel with the coordinates (10, 20) in the image to be processed is located is the 

area A, and the first direction vector of the pixel pointing to the key point of the area A is (0.707, 

0.707). 

In this way, after the second feature map with the same resolution as the image to be processed is 

obtained, convolution processing may be performed on the second feature map to reduce the 

processing amount and improve the processing efficiency. 

In a possible implementation, the step S12 may determine the positions of key points in a plurality 

of areas based on the area in which the pixels are located and the first direction vectors of the 

plurality of pixels in the plurality of areas, that is, coordinates of the key points in the plurality of 

areas. The step S12 may include: determining estimated coordinates of the key point in a target 

area and weights of the estimated coordinates of the key point based on the area in which the 

pixels are located and the first direction vectors, wherein the target area is any one of the one or 

more areas; and performing weighted averaging on the estimated coordinates of the key point in 

the target area based on the weights of the estimated coordinates of the key point, to obtain the 

position of the key point in the target area. 

In an example, the position of the key point may also be determined based on the pointing 

direction of the first direction vector. The present disclosure does not limit the means for 

determining the position of the key point. 

In a possible implementation, the determining the estimated coordinates of the key point in the 

target area and the weights of the estimated coordinates of the key point based on the area in 

which the pixels are located and the first direction vectors may include: screening the plurality of 

pixels of the image to be processed based on the area in which the pixels are located, to determine 

a plurality of target pixels falling into the target area; determining coordinates of the intersection 

of the first direction vectors of any two target pixel points as estimated coordinates of the key 

point, wherein the estimated coordinates of the key point is one of the estimated coordinates of the 

key point; and determining the weights of the estimated coordinates of the key point based on the 

estimated coordinates of the key point and the pixels in the target area. 

In a possible implementation, all pixels in the target area may be screened out as the target pixels. 

For example, all pixels in the target area may be screened out through the output by the neural 

network for the area in which the plurality of pixels are located. In an example, the target area is 
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the area A. From all the pixels of the image to be processed, all pixels for which the output of the 

neural network is the area A may be screened out. The area composed of these pixels is the area A. 

The present disclosure has no limitation to the target area. 

In a possible implementation, in the target area (for example, the area A), any two target pixels 

may be selected, both of which have the first direction vectors. The first direction vectors of the 

two target pixels both point to the key point of the target area. The intersection of the two first 

direction vectors may be determined. This intersection is the estimated position of the key point, 

i.e. the estimated coordinates of the key point. In an example, the first direction vector of each

target pixel may subject to errors. Therefore, the estimated coordinates of the key point are not

unique, that is, the estimated coordinates of the key point determined by the intersection of the

first direction vectors of two target pixels may be different from the estimated coordinates of the

key point determined by the intersection of the first direction vectors of another two target pixels.

The intersections of the first direction vectors of any two target pixels may be obtained in this way

multiple times, to obtain the estimate coordinates of the key point.

In a possible implementation, the weights of the estimated coordinates of the key point may be

determined. The determining the weights of the estimated coordinates of the key point based on

the estimated coordinates of the key point and the pixels in the target area includes: determining

second direction vectors of the plurality of pixels in the target area pointing to the estimated

coordinates of the key point respectively based on the estimated coordinates of the key point and

coordinates of the plurality of pixels in the target area; determining inner products of the second

direction vectors and the first direction vectors of the plurality of pixels in the target area;

determining a target quantity of pixels with the inner products greater than or equal to a

predetermined threshold among the plurality of pixels in the target area; and determining the

weights of the estimated coordinates of the key point based on the target quantity.

In a possible implementation, the weights of the estimated coordinates of the key point may be

determined for one estimated coordinate of the key point. Second direction vectors of the plurality

of pixels in the area in which the estimated coordinates of the key point are located pointing to the

estimated coordinates of the key point may be obtained. The second direction vector may be a unit

vector. The weights of the estimated coordinates of the key point may be determined by using the

second direction vectors of the plurality of target pixels in the target area pointing to the estimated

coordinates of the key point and the first direction vectors of the plurality of target pixels pointing

to the key point in the target area.

In a possible implementation, the weights of the estimated coordinates of the key point may be

determined based on the second direction vectors and the first direction vectors of the plurality of
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pixels in the target area. The inner products of the second direction vectors and the first direction 

vectors of the plurality of pixels in the target area may be determined. The inner products 

corresponding to the plurality of pixels may be compared with a predetermined threshold, and a 

target quantity of the pixels with the inner products greater than the predetermined threshold may 

be determined. For example, if a pixel has an inner product greater than the predetermined 

threshold, then it is marked as 1, otherwise it is marked as 0. After all the pixels in the target area 

are marked, the marks of all the pixels are added together and thus the target quantity may be 

determined. 

In a possible implementation, the weights of the estimated coordinates of the key point may be 

determined by the target quantity. In an example, the weights of the estimated coordinates of the 

key point may be determined according to the following formula (2): 

w୩,୧ ൌ ∑ ॴ
୮，∈୓

ሺ
ሺ୦ౡ,౟ି୮，ሻ౐

∥୦ౡ,౟ି୮，∥మ
v୩ሺp，ሻ ൒ θ）(2) 

wherein wk,i is the weight of the i-th estimated coordinates of the key point (for example, this key 

point) in the k-th area (for example, area A), O is all the pixels in the area, p' is any pixel in the 

area, hk,i is the i-th estimated coordinates of the key point in the area, ሺ୦ౡ,౟ି୮
，ሻ౐

∥୦ౡ,౟ି୮，∥మ
is the second 

direction vector of p' pointing to hk,i, vk(p') is the first direction vector of p', and θ is the 

predetermined threshold. In the example, the value of θ may be 0.99. The present disclosure does 

not limit the predetermined threshold. II is an activation function, which means that if the inner 

product of ሺ୦ౡ,౟ି୮
，ሻ౐

∥୦ౡ,౟ି୮，∥మ
and vk(p') is greater than or equal to the predetermined threshold θ, the value 

of II is 1 (that is, marked as 1), otherwise, the value of II is 0 (that is, marked as 0). The formula (2) 

may represent the result obtained by adding the values of the activation functions (i.e., markers) of 

all the pixels in the target area, i.e. the weight of the estimated coordinates hk,i of the key point. 

The present disclosure does not limit the value of the activation function when the inner product is 

greater than or equal to the predetermined threshold. 

In a possible implementation, the above processing for determining the estimated coordinates of 

the key point and the weights of the estimated coordinates of the key point may be performed 

iteratively, and the plurality of estimated coordinates of the key point in the target area and the 

weights of the estimated coordinates of the key point may be obtained. 

In a possible implementation, weighted averaging may be performed on the estimated coordinates 

of the key point in the target area based on the weights of the estimated coordinates of the key 

point, to obtain the position of the key point in the target area. In an example, the position of the 

key point in the target area may be determined according to the following formula (3): 
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μ୩ ൌ
෌ ୵ౡ,౟୦ౡ,౟

ొ
౟సభ

෌ ୵ౡ,౟
ొ
౟సభ

(3) 

wherein, μk is the coordinates obtained after weighted averaging is performed on N (N is a 

positive integer) estimated coordinates of the key point in the k-th area (for example, area A), i.e. 

the position coordinates of the key point in the k-th area. 

In a possible implementation, a maximum likelihood estimation method may also be used to 

determine a covariance matrix corresponding to the key point, i.e. the matrix obtained by 

performing weighted averaging on the covariance matrix between the estimated coordinates of the 

key point and the position coordinates of the key point in the target area. In an example, the 

following formula (4) may be used to represent the covariance matrix Σ୩	corresponding to the key 

point: 

Σ୩ ൌ
෌ ୵ౡ,౟ሺ୦ౡ,౟ିஜౡሻሺ୦ౡ,౟ିஜౡሻ౐

ొ
౟సభ

෌ ୵ౡ,౟
ొ
౟సభ

 (4) 

In a possible implementation, the position coordinates of the key point and the covariance matrix 

corresponding to the key point may be used to represent the probability distribution of the possible 

position of the key point in the target area. 

In a possible implementation, the above processing for obtaining the position of the key point of 

the target area may be iteratively performed to obtain the positions of the key points in a plurality 

of areas of the image to be processed. 

In this way, the estimated coordinates of the key point in the target area may be detected, and the 

estimated coordinates of the key point may be determined for each target area, which reduces 

interferences between different areas and improves the accuracy of key point detection. 

Furthermore, the estimated coordinates of the key point may be determined by the second 

direction vectors. The weights of the estimated coordinates of the key point may be determined by 

the inner products of the first direction vectors and the second direction vectors. The probability 

distribution of the position of the key point may be obtained by performing weighted averaging on 

the estimated coordinates of the key point to obtain the position of the key point, which improves 

the accuracy in determining the position of the key point. 

In a possible implementation, a neural network may be trained before it is used to obtain the area 

in which the plurality of pixels are located and the first direction vectors pointing to the key point. 

FIG. 2 shows a flow diagram of the key point detection method according to the embodiment of 

the present disclosure. As shown in FIG. 2, the method further includes the following steps. 

In step S13, the neural network is trained through a plurality of sample images with partition 

labels and key point labels. 

Wherein, it is not necessary to perform step 13 every time steps 11 and 12 are performed. Once 
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training for the neural network is completed, the neural network may be used to determine the first 

sample direction vectors and the partition result. In other words, once training for the neural 

network is completed, the neural network may be used to implement the functions of step 11 and 

step 12 multiple times. 

In a possible implementation, any sample image may be input to the neural network for processing, 

and the first sample direction vectors of the plurality of pixels of the sample image and the 

partition result of the area in which the plurality of pixels are located may be obtained. The first 

sample direction vectors and the partition result are an output from the neural network, and there 

may be errors. 

In a possible implementation, the first direction vectors of the key points in a plurality of areas 

may be determined based on the key point labels. For example, if the coordinates of a key point 

labeled in a certain area are (10, 10), then the first direction vector of the pixel with the 

coordinates (5, 5) pointing to the key point is (0.707, 0.707). 

In a possible implementation, the network loss of the neural network may be determined based on 

the difference between the first direction vector and the first sample direction vector as well as the 

difference between the partition result and the partition labels. In an example, the cross entropy 

loss function of the plurality of pixels may be determined based on the difference between the first 

direction vector and the first sample direction vector as well as the difference between the partition 

result and the partition labels, and regularization processing is performed on the cross entropy loss 

function to prevent overfitting during training. The cross-entropy loss function after the 

regularization processing may be determined as the network loss of the neural network. 

In a possible implementation, the network parameters of the neural network may be adjusted 

according to the network loss. In an example, the network parameters may be adjusted in the 

direction of minimizing the network loss. For example, the network loss may be propagated back 

using gradient descent, in order to adjust the network parameters of the neural network. In 

addition, when the neural network meets a training condition, the trained neural network is 

obtained. The training condition may be the number of times of adjustments, and the network 

parameters of the neural network may be adjusted by a predetermined number of times. In another 

example, the training condition may be the size or convergence and divergence of the network loss. 

When the network loss decreases to a certain degree or converges within a certain threshold, the 

adjustment may be stopped to obtain the trained neural network, and the trained neural network 

may be used in the processing for obtaining the area in which the plurality of pixels of the image 

to be processed are located and the first direction vectors pointing to the key point. 

According to the key point detection method in the embodiments of the present disclosure, the 
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neural network may be used to obtain the area in which the plurality of pixels are located, and the 

estimated coordinates of the key point in the target area may be detected. The neural network 

expands the receptive field through a dilated convolution layer without any loss of processing 

accuracy, thereby improving the processing accuracy of the feature extraction operation. In 

addition, after the second feature map with the same resolution as the image to be processed is 

obtained, the second feature map may be subjected to convolution processing to reduce the 

processing amount and improve the processing efficiency. The estimated coordinates of the key 

point may be determined for each target area to reduce interferences between different areas, and 

the probability distribution of the position of the key point may be obtained by performing 

weighted averaging on the estimated coordinates of the key point to obtain the position of the key 

point, which improves the accuracy in determining the position of the key point. Thus, the 

situation where the target area is blocked or falls out of the image capturing range is avoided, the 

robustness of key point detection is improved, and the accuracy of detection is increased. 

FIG. 3 shows a schematic diagram of application of the key point detection method according to 

the embodiment of the present disclosure. As shown in FIG. 3, the image to be processed may be 

input into a pre-trained neural network for processing, and the area in which the plurality of pixels 

of the image to be processed are located and the first direction vectors pointing to the key point 

may be obtained. In an example, feature extraction processing may be performed on the image to 

be processed through the down-sampling sub-network of the neural network, that is, the second 

convolution processing is performed through the second convolution layer of the down-sampling 

sub-network, and the dilated convolution processing is performed through the dilated convolution 

layer, so as to obtain a first feature map with a preset resolution. Up-sampling processing is 

performed on the first feature map to obtain a second feature map with the same resolution as the 

image to be processed. The second feature map may be input to the first convolution layer (with 

one or more 1×1 convolution kernels) of the feature determination sub-network to perform the 

first convolution processing, so as to obtain the area in which the plurality of pixels are located 

and the first direction vectors pointing to the key point. 

In a possible implementation, among the plurality of pixels in the target area, the intersection of 

the first direction vectors of any two pixels may be determined as estimated coordinates of the key 

point. The estimated coordinates of the key point in the target area may be determined in this way. 

In a possible implementation, the weights of the estimated coordinates of the key point may be 

determined. In an example, the second direction vectors of the plurality of pixels in the target area 

pointing to the estimated coordinates of a certain key point may be determined. The inner products 

of the second direction vectors and the first direction vectors of the plurality of pixels are 



17 

determined. Also, the weights of the estimated coordinates of the key point may be determined 

using an activation function according to formula (2). That is, when the inner product is greater 

than or equal to a predetermined threshold, the value of the activation function is 1, otherwise it is 

0. Furthermore, the values of the activation functions of the plurality of pixels in the target area

may be added together, to obtain the weights of the estimated coordinates of the key point. The

weights of the estimated coordinates of the key point in the target area may be determined in this

way.

In a possible implementation, weighted averaging may be performed on the estimated coordinates

of the key point in the target area to obtain the position coordinates of the key point in the target

area, and the position coordinates of the key point in each area may be determined in this way.

FIG. 4 shows a block diagram of a key point detection apparatus according to an embodiment of

the present disclosure. As shown in FIG. 4, the apparatus includes:

a first determination module 11 for determining an area in which a plurality of pixels of an image

to be processed are located and first direction vectors of the plurality of pixels pointing to a key

point of the area, wherein the image to be processed comprises one or more areas;

a second determination module 12 for determining the position of the key point in the area based

on the area in which the pixels are located and the first direction vectors of the plurality of pixels

in the area.

In a possible implementation, the second determination module is further configured to:

determine estimated coordinates of the key point in a target area and weights of the estimated

coordinates of the key point based on the area in which the pixels are located and the first

direction vectors, wherein the target area is any one of the one or more areas; and

perform weighted averaging on the estimated coordinates of the key point in the target area based

on the weights of the estimated coordinates of the key point, to obtain the position of the key point

in the target area.

In a possible implementation, the second determination module is further configured to:

screen the plurality of pixels of the image to be processed based on the area in which the pixels are

located, to determine a plurality of target pixels falling within the target area;

determine coordinates of the intersection of the first direction vectors of any two target pixels as

estimated coordinates of the key point; and

determine the weights of the estimated coordinates of the key point based on the estimated

coordinates of the key point and the pixels in the target area.

In a possible implementation, the second determination module is further configured to:

determine second direction vectors of the plurality of pixels in the target area pointing to the
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estimated coordinates of the key point respectively based on the estimated coordinates of the key 

point and coordinates of the plurality of pixels in the target area; 

determine inner products of the second direction vectors and the first direction vectors of the 

plurality of pixels in the target area; 

determine a target quantity of pixels with the inner products greater than or equal to a 

predetermined threshold among the plurality of pixels in the target area; and 

determine the weights of the estimated coordinates of the key point based on the target quantity. 

In a possible implementation, the first determination module is further configured to: 

perform feature extraction processing on the image to be processed to obtain a first feature map 

with a preset resolution; 

perform up-sampling processing on the first feature map to obtain a second feature map with the 

same resolution as the image to be processed; and 

perform a first convolution processing on the second feature map to determine the area in which 

the plurality of pixels are located and the first direction vectors pointing to the key point. 

In a possible implementation, the first determination module is further configured to: 

perform a second convolution processing on the image to be processed to obtain a third feature 

map with a preset resolution; and 

perform dilated convolution processing on the third feature map to obtain the first feature map. 

In a possible implementation, the first determination module is further configured to: 

determine, via a neural network, the area in which the plurality of pixels of the image to be 

processed are located and the first direction vectors of the plurality of pixels pointing to the key 

point of the area, where the neural network is trained by using a plurality of sample images with 

partition labels and key point labels. 

It may be understood that the various method embodiments mentioned above in the present 

disclosure may be combined with each other to form combined embodiments without violating 

principles and logic. Due to space limitations, these embodiments will not be described in the 

present disclosure. 

In addition, the present disclosure also provides a key point detection apparatus, an electronic 

device, a computer readable storage medium and a program, all of which may be used to 

implement any key point detection method provided in the present disclosure. For the 

corresponding technical solutions and descriptions, reference is made to the corresponding 

statements in the method section, and no description will be given here. 

Those skilled in the art may understand that in the above methods in the detailed description, the 

order in which the steps are written does not imply a strict execution order so that there is no 
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limitation to the implementation process. The specific execution order of the steps should be based 

on their functions and possible inner logic. 

In some embodiments, the functions of, or the modules contained in, the apparatus provided in the 

embodiments of the present disclosure may be used to execute the methods described in the above 

method embodiments. For specific implementation, reference is made to the description in the 

above method embodiments. It will not be described here for simplicity. 

The embodiments of the present disclosure also provides a computer-readable storage medium 

having computer program instructions stored thereon, and the computer program instructions, 

when being executed by a processor, implement the above method. The computer-readable storage 

medium may be a non-volatile computer-readable storage medium. 

The embodiments of the present disclosure also provide a computer program product comprising 

computer-readable codes. When the computer-readable codes run on a device, a processor in the 

device executes instructions to implement the image search method as provided in any of the 

above embodiments. 

The embodiments of the present disclosure also provide another computer program product for 

storing computer-readable instructions, which, when executed, cause a computer to perform the 

operations of the image search method provided in any of the foregoing embodiments. 

The computer program product may be specifically implemented in hardware, software or a 

combination thereof. In an optional embodiment, the computer program product is embodied as a 

computer storage medium. And in another optional embodiment, the computer program product is 

embodied as a software product, such as software development kit (SDK), etc. 

The embodiments of the present disclosure also provide an electronic device, including: a 

processor; and a memory for storing processor-executable instructions; wherein the processor is 

configured to execute the above method. 

The electronic device may be provided as a terminal, a server or other form of device. 

FIG. 5 is a block diagram showing an electronic device 800 according to an exemplary 

embodiment. For example, the electronic device 800 may be a mobile phone, a computer, a digital 

broadcasting terminal, a messaging device, a game console, a tablet device, a medical device, a 

fitness device, a personal digital assistant, and other such terminals. 

As shown in FIG. 5, the electronic device 800 may include one or more of the following 

components: a processing component 802, a memory 804, a power supply component 806, a 

multimedia component 808, an audio component 810, an input/output (I/O) interface 812, a sensor 

component 814, and a communication component 816. 

The processing component 802 generally controls the overall operations of the electronic device 
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800, such as operations associated with display, telephone calls, data communication, camera 

operations, and recording operations. The processing component 802 may include one or more 

processors 820 to execute instructions, for purposes of completing all or some of the steps of the 

foregoing method. In addition, the processing component 802 may include one or more modules 

to facilitate interactions between the processing component 802 and other components. For 

example, the processing component 802 may include a multimedia module to facilitate the 

interaction between the multimedia component 808 and the processing component 802. 

The memory 804 is configured to store various types of data to support operations in the electronic 

device 800. Examples of the data include instructions for any application or method operating on 

the electronic device 800, contact data, phone book data, messages, pictures, videos, etc. The 

memory 804 may be implemented by any type of volatile or non-volatile storage device or their 

combinations, such as static random access memory (SRAM), electrically erasable programmable 

read-only memory (EEPROM), erasable programmable read-only memory (EPROM), 

programmable read-only memory (PROM), read-only memory (ROM), magnetic memory, flash 

memory, magnetic disk or optical disk. 

The power supply component 806 supply power for the various components of the electronic 

device 800. The power supply component 806 may include a power management system, one or 

more power supplies, and other components associated with generation, management, and 

distribution of the power for the electronic device 800. 

The multimedia component 808 includes a screen that provides an output interface between the 

electronic device 800 and a user. In some embodiments, the screen may include a liquid crystal 

display (LCD) and a touch panel (TP). If the screen includes the touch panel, the screen may be 

implemented as a touch screen to receive an input signal from the user. The touch panel includes 

one or more touch sensors to sense touch, sliding, and gestures on the touch panel. The touch 

sensor may not only sense the boundary of a touch or sliding action, but also detect the duration 

and pressure related to the touch or sliding operation. In some embodiments, the multimedia 

component 808 includes a front camera and/or a rear camera. When the electronic device 800 is in 

an operation mode such as a capturing mode or a video mode, the front camera and/or the rear 

camera may receive external multimedia data. Each front camera and rear camera may be a fixed 

optical lens system or have focal length and optical zooming capabilities. 

The audio component 810 is configured to output and/or input audio signals. For example, the 

audio component 810 includes a microphone (MIC). When the electronic device 800 is in an 

operation mode such as a call mode, a recording mode, and a voice recognition mode, the 

microphone is configured to receive external audio signals. The received audio signals may be 
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further stored in the memory 804 or transmitted via the communication component 816. In some 

embodiments, the audio component 810 further includes a speaker for outputting audio signals. 

The I/O interface 812 provides an interface between the processing component 802 and a 

peripheral interface module. The above peripheral interface module may be a keyboard, a click 

wheel, a button, etc. These buttons may include but are not limited to: home button, volume button, 

start button, and lock button. 

The sensor component 814 includes one or more sensors for providing the electronic device 800 

with state evaluation in various aspects. For example, the sensor component 814 may detect the 

on/off state of the electronic device 800 and the relative positioning of the components. For 

example, the component is a display and a keypad of the electronic device 800. The sensor 

component 814 may also detect a change in the position of the electronic device 800 or of one 

component of the electronic device 800, the presence or absence of contact between the user and 

the electronic device 800, the orientation or acceleration/deceleration of the electronic device 800, 

and a change in the temperature of the electronic device 800. The sensor component 814 may 

include a proximity sensor configured to detect the presence of nearby objects when there is no 

physical contact. The sensor component 814 may also include a light sensor, such as a CMOS or 

CCD image sensor, for use in imaging applications. In some embodiments, the sensor component 

814 may also include an acceleration sensor, a gyroscope sensor, a magnetic sensor, a pressure 

sensor or a temperature sensor. 

The communication component 816 is configured to facilitate wired or wireless communications 

between the electronic device 800 and other devices. The electronic device 800 may access a 

wireless network based on a communication standard, such as WiFi, 2G or 3G, or combinations 

thereof. In an exemplary embodiment, the communication component 816 receives a broadcast 

signal or broadcast-related information from an external broadcast management system via a 

broadcast channel. In an exemplary embodiment, the communication component 816 further 

includes a near-field communication (NFC) module to facilitate short-range communication. For 

example, the NFC module may be implemented based on radio frequency identification (RFID) 

technology, infrared data association (IrDA) technology, ultra-wideband (UWB) technology, 

Bluetooth (BT) technology and other technologies. 

In an exemplary embodiment, the electronic device 800 may be implemented by one or more 

application specific integrated circuits (ASIC), digital signal processors (DSP), digital signal 

processing devices (DSPD), programmable logic devices (PLD), field programmable gate array 

(FPGA), controllers, microcontrollers, microprocessors, or other electronic components, to 

implement the above method. 
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In an exemplary embodiment, also provided is a non-volatile computer-readable storage medium, 

such as the memory 804 including computer program instructions, and the computer program 

instructions above may be executed by the processor 820 of the electronic device 800 to complete 

the above method. 

FIG. 6 is a block diagram of an electronic device 1900 shown according to an exemplary 

embodiment. For example, the electronic device 1900 may be provided as a server. With reference 

to FIG. 6, the electronic device 1900 includes a processing component 1922, which further 

includes: one or more processors; and a memory resource represented by a memory 1932, for 

storing instructions executable by the processing component 1922, such as application. The 

application stored in the memory 1932 may include one or more modules each corresponding to a 

set of instructions. In addition, the processing component 1922 is configured to execute 

instructions to perform the above-described method. 

The electronic device 1900 may also include a power supply component 1926 configured to 

perform power management of the electronic device 1900, a wired or wireless network interface 

1950 configured to connect the electronic device 1900 to a network, and an input/output (I/O) 

interface 1958. The electronic device 1900 may operate based on an operating system stored in the 

memory 1932, such as Windows ServerTM, Mac OS XTM, UnixTM, LinuxTM, FreeBSDTM or 

the like. 

In an exemplary embodiment, also provided is a non-volatile computer-readable storage medium, 

such as the memory 1932 including computer program instructions, and the computer program 

instructions above may be executed by the processing component 1922 of the electronic device 

1900 to complete the above method. 

The present disclosure may be a system, a method, and/or a computer program product. The 

computer program product may include a computer-readable storage medium loaded thereon with 

computer-readable program instructions for enabling a processor to implement the various aspects 

of the present disclosure. 

The computer-readable storage medium may be a tangible device that may keep and store 

instructions used by an instruction execution device. The computer-readable storage medium may 

be, for example, but not limited to, an electrical storage device, a magnetic storage device, an 

optical storage device, an electromagnetic storage device, a semiconductor storage device, or any 

suitable combination thereof. More specific examples of the computer-readable storage medium (a 

non-exhaustive list) include: portable computer disk, hard disk, random access memory (RAM), 

read-only memory (ROM), erasable programmable read-only memory (EPROM or flash memory), 

static random access memory (SRAM), portable compact disk read-only memory (CD-ROM), 
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digital versatile disk (DVD), memory stick, floppy disk, mechanical encoding device, such as a 

puncher card with instructions stored thereon or the protruding structure in the groove, and any 

suitable combination of the above. The computer-readable storage medium used here is not 

interpreted as a transient signal itself, such as radio waves or other freely propagating 

electromagnetic waves, electromagnetic waves propagating through waveguides or other 

transmission media (for example, light pulses through fiber optic cables), or electrical signals 

transmitted through wires. 

The computer-readable program instructions described herein may be downloaded from a 

computer-readable storage medium to various computing/processing devices, or downloaded to an 

external computer or an external storage device via a network, such as Internet, local area network, 

wide area network, and/or wireless network. The network may include copper transmission cables, 

optical fiber transmission, wireless transmission, router, firewall, switch, gateway computer, 

and/or edge server. The network adapter card or network interface in each computing/processing 

device receives computer-readable program instructions from a network, and forwards the 

computer-readable program instructions for storage in the computer-readable storage medium in 

each computing/processing device. 

The computer program instructions used to perform the operations of the present disclosure may 

be assembly instructions, instruction set architecture (ISA) instructions, machine instructions, 

machine-related instructions, microcodes, firmware instructions, state setting data, or source codes 

or object codes written in one of or any combination of a plurality of programming languages. The 

programming language includes an object-oriented programming language such as Smalltalk, C++, 

etc., and a conventional procedural programming language such as "C" language or similar 

programming languages. The computer readable program instructions may be executed entirely on 

the user's computer, partly on the user's computer, as a stand-alone software package, partly on the 

user's computer and partly on a remote computer, or entirely on the remote computer or server. In 

the latter scenario, the remote computer may be connected to the user's computer through a local 

area network (LAN) or a wide area network (WAN), or the connection may be made to an external 

computer (for example, through the Internet using an Internet Service Provider). In some 

embodiments, an electronic circuit, such as a programmable logic circuit, a field programmable 

gate array (FPGA), or a programmable logic array (PLA), may be customized by using the status 

information of the computer-readable program instructions. The electronic circuit may execute the 

computer-readable program instructions to implement various aspects of the present disclosure. 

Various aspects of the present disclosure are described herein with reference to flowchart 

illustrations and/or block diagrams of methods, apparatuses (systems) and computer program 
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products according to the embodiments of the present disclosure. It will be understood that each 

block of the flowchart illustrations and/or block diagrams, and combinations of blocks in the 

flowchart illustrations and/or block diagrams, can be implemented by computer program 

instructions. 

These computer-readable program instructions may be provided to a processor of a general 

purpose computer, special purpose computer, or other programmable data processing apparatus to 

produce a machine, such that the instructions, which execute via the processor of the computer or 

other programmable data processing apparatus, create means for implementing the functions/acts 

specified in the flowchart and/or block diagram block or blocks. These computer-readable 

program instructions may also be stored in a computer-readable storage medium. These 

instructions make computers, programmable data processing apparatuses, and/or other devices 

work in a specific manner, so that the computer-readable medium storing the instructions includes 

an article including instructions for implementing various aspects of the functions/actions 

specified in one or more blocks in the flowchart and/or block diagram. 

The computer program instructions may also be loaded onto a computer, other programmable data 

processing apparatuses or other devices to cause a series of operational steps to be performed on 

the computer or other programmable data processing apparatuses to produce a computer 

implemented process such that the instructions which execute on the computer, other 

programmable data processing apparatuses or other devices implement the functions/acts specified 

in the flowchart and/or block diagram block or blocks. 

The flowcharts and block diagrams in the figures show the possible implementation architectures, 

functions, and operations of the system, method, and computer program product according to 

various embodiments of the present disclosure. In this regard, each block in the flowchart or block 

diagram may represent a module, a program segment, or a part of an instruction, and the module, 

the program segment, or the part of the instruction contains one or more executable instructions 

for implementing the specified logical functions. In some alternative implementations, the 

functions marked in the blocks may also occur in a different order from the order marked in the 

figures. For example, two consecutive blocks may actually be executed substantially in parallel, or 

they may sometimes be executed in the reverse order, depending on the functions involved. It 

should also be noted that each block in the block diagram and/or flowchart, and the combination 

of blocks in the block diagram and/or flowchart, may be implemented by a dedicated 

hardware-based system that performs the specified functions or actions, or it may be implemented 

by a combination of dedicated hardware and computer instructions. 

The various embodiments of the present disclosure have been described above. The above 
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description is exemplary, not exhaustive, and is not limited to the disclosed embodiments. Without 

departing from the scope and spirit of the described embodiments, many modifications and 

changes are apparent to those of ordinary skill in the art. The selection of terms used herein is 

intended to best explain the principles of the embodiments, practical applications, or technical 

improvements of the technologies in the market, or to enable other ordinary skilled in the art to 

understand the embodiments disclosed herein. 
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Claims
What is claimed is: 

1. A key point detection method, comprising:

determining an area in which a plurality of pixels of an image to be processed are located and first

direction vectors of the plurality of pixels pointing to a key point of the area, wherein the image to

be processed comprises one or more areas; and

determining the position of the key point in the area based on the area in which the pixels are

located and the first direction vectors of the plurality of pixels in the area.

2. The method according to claim 1, wherein the determining the position of the key point in the

area based on the area in which the pixels are located and the first direction vectors of the plurality

of pixels in the area comprises:

determining estimated coordinates of the key point in a target area and weights of the estimated

coordinates of the key point based on the area in which the pixels are located and the first

direction vectors, wherein the target area is any one of the one or more areas; and

performing weighted averaging on the estimated coordinates of the key point in the target area

based on the weights of the estimated coordinates of the key point, to obtain the position of the

key point in the target area.

3. The method according to claim 2, wherein the determining the estimated coordinates of the key

point in the target area and the weights of the estimated coordinates of the key point based on the

area in which the pixels are located and the first direction vectors comprises:

screening the plurality of pixels of the image to be processed based on the area in which the pixels

are located, to determine a plurality of target pixels falling within the target area;

determining coordinates of the intersection of the first direction vectors of any two target pixels as

the estimated coordinates of the key point; and

determining the weights of the estimated coordinates of the key point based on the estimated

coordinates of the key point and the pixels in the target area.

4. The method according to claim 3, wherein the determining the weights of the estimated

coordinates of the key point based on the estimated coordinates of the key point and the pixels in

the target area comprises:

determining second direction vectors of the plurality of pixels in the target area pointing to the

estimated coordinates of the key point respectively based on the estimated coordinates of the key

point and coordinates of the plurality of pixels in the target area;

determining inner products of the second direction vectors and the first direction vectors of the
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plurality of pixels in the target area; 

determining a target quantity of pixels with the inner products greater than or equal to a 

predetermined threshold among the plurality of pixels in the target area; and 

determining the weights of the estimated coordinates of the key point based on the target quantity. 

5. The method according to any one of claims 1 to 4, wherein the determining the area in which

the plurality of pixels of the image to be processed are located and the first direction vectors of the

plurality of pixels pointing to the key point of the area comprises:

performing feature extraction processing on the image to be processed to obtain a first feature map

with a preset resolution;

performing up-sampling processing on the first feature map to obtain a second feature map with

the same resolution as the image to be processed; and

performing a first convolution processing on the second feature map to determine the area in

which the plurality of pixels are located and the first direction vectors of the plurality of pixels

pointing to the key point of the area.

6. The method according to claim 5, wherein the performing feature extraction processing on the

image to be processed to obtain the first feature map with the preset resolution comprises:

performing a second convolution processing on the image to be processed to obtain a third feature

map with a preset resolution; and

performing dilated convolution processing on the third feature map to obtain the first feature map.

7. The method according to any one of claims 1 to 6, wherein the area in which the plurality of

pixels of the image to be processed are located and the first direction vectors of the plurality of

pixels pointing to the key point of the area are determined via a neural network; the neural

network is trained by using a plurality of sample images with partition labels and key point labels.

8. A key point detection apparatus, comprising:

a first determination module, configured to determine an area in which a plurality of pixels of an

image to be processed are located and first direction vectors of the plurality of pixels pointing to

the key point of the area, wherein the image to be processed comprises one or more areas; and

a second determination module, configured to  determine the position of the key point in the area

based on the area in which the pixels are located and the first direction vectors of the plurality of

pixels in the area.

9. The apparatus according to claim 8, wherein the second determination module is further

configured to:

determine estimated coordinates of the key point in a target area and weights of the estimated

coordinates of the key point based on the area in which the pixels are located and the first
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direction vectors, wherein the target area is any one of the one or more areas; and 

perform weighted averaging on the estimated coordinates of the key point in the target area based 

on the weights of the estimated coordinates of the key point, to obtain the position of the key point 

in the target area. 

10. The apparatus according to claim 9, wherein the second determination module is further

configured to:

screen the plurality of pixels of the image to be processed based on the area in which the pixels are

located, to determine a plurality of target pixels falling within the target area;

determine coordinates of the intersection of the first direction vectors of any two target pixels as

the estimated coordinates of the key point; and

determine the weights of the estimated coordinates of the key point based on the estimated

coordinates of the key point and the pixels in the target area.

11. The apparatus according to claim 10, wherein the second determination module is further

configured to:

determine second direction vectors of the plurality of pixels in the target area pointing to the

estimated coordinates of the key point respectively based on the estimated coordinates of the key

point and the coordinates of the plurality of pixels in the target area;

determine inner products of the second direction vectors and the first direction vectors of the

plurality of pixels in the target area;

determine a target quantity of pixels with the inner products greater than or equal to a

predetermined threshold among the plurality of pixels in the target area; and

determine the weights of the estimated coordinates of the key point based on the target quantity.

12. The apparatus according to any one of claims 8 to 11, wherein the first determination module

is further configured to:

perform feature extraction processing on the image to be processed to obtain a first feature map

with a preset resolution;

perform up-sampling processing on the first feature map to obtain a second feature map with the

same resolution as the image to be processed; and

perform a first convolution processing on the second feature map to determine the area in which

the plurality of pixels are located and the first direction vectors pointing to the key point.

13. The apparatus according to claim 12, wherein the first determination module is further

configured to:

perform a second convolution processing on the image to be processed to obtain a third feature

map with a preset resolution; and
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perform dilated convolution processing on the third feature map to obtain the first feature map. 

14. The apparatus according to any one of claims 8 to 13, wherein the first determination module

is further configured to:

determine, via a neural network, the area in which the plurality of pixels of the image to be

processed are located and the first direction vectors of the plurality of pixels pointing to the key

point of the area, the neural network is trained by using a plurality of sample images with partition

labels and key point labels.

15. An electronic device, comprising:

a processor; and

a memory for storing processor-executable instructions;

wherein the processor is configured to execute the method of any one of claims 1 to 7.

16. A computer-readable storage medium having computer program instructions stored thereon,

wherein the computer program instructions implement the method of any one of claims 1 to 7

when being executed by a processor.




