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NEURAL NETWORK TRAINING AND LINE OF SIGHT 

DETECTION METHODS AND APPARATUS, AND 

ELECTRONIC DEVICE 

 
 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] The present application is filed based upon and claims priority to Chinese 

Patent Application No. 201811155648.0 filed on September 29, 2018, the 

contents of which are hereby incorporated by reference in its entirety. 

 

TECHNICAL FIELD 

 

[0002] The disclosure relates to the field of computer technology, and particularly to 

a method and device for training a neural network, a method and device for 

detecting a line of sight, an electronic device and a computer-readable storage 

medium. 

 
 

BACKGROUND 

 

[0003] Line-of-sight detection plays an important role in surveillance of drivers, 

human-computer interaction, security defense and monitoring. The line-of-sight 

detection is a technique of detecting a direction in which human eyes gaze in a 

three-dimensional (3D) space. In the field of the human-computer interaction, by 

determining 3D positions of a person’s eyes in the space, in combination with the 

person’s 3D line-of-sight direction, a position of a point is obtained on which the 

person’s eyes gaze in the 3D space, and the position is outputted to a machine for 
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further interaction processing.  

 
 

SUMMARY 

 

[0004] A technical solution for training a neural network and a technical solution for 

detecting a line of sight are provided in the present application. 

[0005] A first aspect according to the embodiments of the disclosure provides a 

method for training a neural network, the method including: determining first 

coordinates of a pupil reference point in a first image in a first camera coordinate 

system, and determining second coordinates of a cornea reference point in the 

first image in the first camera coordinate system, herein the first image comprises 

at least an eye image; determining a first line-of-sight direction of the first image 

according to the first coordinates and the second coordinates; performing 

line-of-sight detection on the first image through the neural network to obtain a 

first detected line-of-sight direction; and training the neural network according to 

the first line-of-sight direction and the first detected line-of-sight direction. 

[0006] A second aspect according to the embodiments of the disclosure provides a 

method for detecting a line of sight, the method including: performing face 

detection on a second image included in video stream data; determining positions 

of key points in a face area in a detected second image to determine eye areas in 

the face area; clipping an eye-area image from the second image; and inputting 

the eye-area image into a neural network trained in advance and outputting a 

line-of-sight direction of the eye-area image. 

[0007] A third aspect according to the embodiments of the disclosure provides a 

device for training a neural network, the device including: a first determining unit, 

configured to determine first coordinates of a pupil reference point in a first 

image in a first camera coordinate system, and determine second coordinates of a 
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cornea reference point in the first image in the first camera coordinate system, 

herein the first image comprises at least an eye image; a second determining unit, 

configured to determine a first line-of-sight direction of the first image according 

to the first coordinates and the second coordinates; a detecting unit, configured to 

perform line-of-sight detection on the first image through the neural network to 

obtain a first detected line-of-sight direction; and a training unit, configured to 

train the neural network according to the first line-of-sight direction and the first 

detected line-of-sight direction. 

[0008] A fourth aspect according to the embodiments of the disclosure provides a 

device for detecting a line of sight, the device including: a face detecting unit, 

configured to perform face detection on a second image included in video stream 

data; a first determining unit, configured to determine positions of key points in a 

face area in the detected second image to determine eye areas in the face area; a 

clipping unit, configured to clip an eye-area image from the second image; and 

an inputting and outputting unit, configured to input the eye-area image into a 

neural network trained in advance and outputting a line-of-sight direction of the 

eye-area image. 

[0009] A fifth aspect according to the embodiments of the disclosure further 

provides an electronic device including a processor and a memory. The memory 

is configured to be coupled with the processor and storage program instructions. 

The processor is configured to support performing corresponding functions 

according to the method in the first aspect by the electronic device. 

[0010] A sixth aspect according to the embodiments of the disclosure further 

provides an electronic device including a processor and a memory. The memory 

is configured to be coupled with the processor and further storage program 

instructions. The processor is configured to support performing corresponding 

functions according to the method in the second aspect by the electronic device. 
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[0011] A seventh aspect according to the embodiments of the disclosure further 

provides a system for detecting a line of sight. The system for detecting the line 

of sight includes: a device for training a neural network and a device for 

detecting the line of sight. The two devices communicate with and are connected 

to each other. The device for training the neural network is configured to train the 

neural network and the device for detecting a line of sight is configured to apply 

the neural network trained by the device for training the neural network. 

[0012] An eighth aspect according to the embodiments of the disclosure further 

provides a computer-readable storage medium having stored thereon instructions 

that, when run on a computer, cause the computer to perform the method 

described in each of the aspects. 

[0013] A ninth aspect according to the embodiments of the disclosure further 

provides a computer program product including instructions that, when run on a 

computer, cause the computer to perform the method described in each of the 

aspects. 

 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

 

[0014] The accompanying drawings needed by the embodiments of the disclosure or 

the background are described below in order to make the technical solutions in 

the embodiments or the background described more clearly. 

[0015] FIG. 1 is a schematic flowchart of a method for detecting a line of sight 

provided in an embodiment of the disclosure. 

[0016] FIG. 2a is a schematic diagram of a scenario for key points on a face 

provided in an embodiment of the disclosure. 

[0017] FIG. 2b is a schematic diagram of a scenario for an eye-area image provided 
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in an embodiment of the disclosure. 

[0018] FIG. 3 is a schematic flowchart of a method for training a neural network 

provided in an embodiment of the disclosure. 

[0019] FIG. 4 is a schematic flowchart of a method for determining first coordinates 

provided in an embodiment of the disclosure. 

[0020] FIG. 5 is a schematic flowchart of a method for determining second 

coordinates provided in an embodiment of the disclosure. 

[0021] FIG. 6a is a schematic diagram of a first image provided in an embodiment 

of the disclosure. 

[0022] FIG. 6b is a schematic diagram illustrating determination of a pupil reference 

point provided in an embodiment of the disclosure. 

[0023] FIG. 6c is a schematic diagram illustrating determination of a cornea 

reference point provided in an embodiment of the disclosure. 

[0024] FIG. 7 is a schematic diagram of a scenario of a method for training a neural 

network provided in an embodiment of the disclosure. 

[0025] FIG. 8a is a schematic structural diagram of a device for training a neural 

network provided in an embodiment of the disclosure. 

[0026] FIG. 8b is a schematic structural diagram of another device for training a 

neural network provided in an embodiment of the disclosure. 

[0027] FIG. 9a is a schematic structural diagram of a first determining unit provided 

in an embodiment of the disclosure. 

[0028]  FIG. 9b is a schematic structural diagram of another first determining unit 

provided in an embodiment of the disclosure. 
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[0029] FIG. 10 is a schematic structural diagram of an electronic device provided in 

an embodiment of the disclosure. 

[0030] FIG. 11 is a schematic structural diagram of a device for detecting a line of 

sight provided in an embodiment of the disclosure. 

[0031] FIG. 12 is a schematic structural diagram of another device for detecting a 

line of sight provided in an embodiment of the disclosure. 

[0032] FIG. 13 is a schematic structural diagram of an electronic device provided in 

an embodiment of the disclosure. 

 
 

DETAILED DESCRIPTION 

 

[0033] The disclosure is described further in detail in combination with the 

accompanying drawings below in order to make purposes, technical solutions 

and advantages of the present application clearer. 

[0034] Terms including "first" and "second" in the specification and claims of the 

present application as well as the accompanying drawing are not used to 

represent a specific order but make different objects distinguished from each 

other. In addition, terms "include", "have" and their variations are intended to 

mean "include without excluding others". For example, processes, methods, 

systems, products or devices that include some operations or units are not limited 

by listed operations or units but in some embodiments they further include 

operations or units that are not listed. Alternatively the processes, methods, 

systems, products or devices include other operations or units intrinsic to them. 

[0035] FIG.1 is a schematic flowchart of a method for detecting a line of sight 

provided in an embodiment of the disclosure. The method for detecting the line 
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of sight may be applied to a device for detecting the line of sight that may include 

a server and a terminal device. The terminal device may include a cellphone, a 

tablet computer, a desktop computer, a personal palmtop device, a 

vehicle-mounted device, a system for monitoring drivers’ conditions, a television 

set, a game machine, a recreational device, an advertisement publishing device 

and the like. A detailed form of the device for detecting a line of sight is not 

limited to a unique form in the embodiment of the disclosure. 

[0036] As illustrated in FIG. 1, the method for detecting the line of sight includes 

operations 101 to 104. In operation 101, face detection is performed on a second 

image included in video stream data. 

[0037] In the embodiment of the disclosure, the second image may be any frame of 

image in the video stream data. Positions where faces in the second image are 

located may be known in the face detection. In some embodiments, when 

performing the face detection, the device for detecting a line of sight may have 

the detected human images included in a bounding box. The bounding box is, for 

example, in the shape of a square or a non-square rectangle, but the embodiment 

of the disclosure is not limited thereto. 

[0038] In some embodiments, the video stream data may be data captured by the 

device for detecting the line of sight, data that is transmitted to the device for 

detecting a line of sight after captured by other devices, or the like. How the 

video stream data are obtained is not limited in the embodiment of the disclosure. 

[0039] In some embodiments, the video stream data may be a video stream acquired 

by a vehicle-mounted camera for a driving area of the vehicle (i.e., a car, a truck, 

a tractor or a vehicle of any type). In other words, a line-of-sight direction 

outputted by operation 104, namely, a line-of-sight direction of the eye-area 

image, may be a line-of-sight direction of a driver in the driving area of the 

vehicle. It can be understood that the video stream data are data captured by the 
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vehicle-mounted camera. The vehicle-mounted camera can be directly or 

indirectly connected to the device for detecting the line of sight. Which form that 

the vehicle-mounted camera takes is not limited in the embodiment of the 

disclosure. 

[0040] The device for detecting the line of the sight may perform the face detection 

on the second image included in the video stream data of the driving area of the 

vehicle in real time or based on a preset frequency or based on a preset cycle, but 

the embodiment of the disclosure is not limited thereto. However, in order to 

further avoid power consumption of the device for detecting a line of sight and 

make the human detection more effective, the operation that the face detection is 

performed on the second image included in the video stream data includes 

following operations: in response to that a triggering instruction is received, the 

face detection is performed on the second image included in the video stream 

data; or in response to that the vehicle is traveling, the face detection is 

performed on the second image included in the video stream data; or in response 

to that a traveling speed of the vehicle reaches a reference speed, the face 

detection is performed on the second image included in the video stream data. 

[0041] In the embodiment of the disclosure, the triggering instruction may be one 

that a user inputs into the device for detecting a line of sight or one transmitted 

by a terminal connected to the device for detecting the line of sight, or the like. 

Where the triggering instruction comes from is not limited in the embodiment of 

the disclosure. 

[0042] In the embodiment of the disclosure, the fact that a vehicle is traveling can be 

understood as a fact that the vehicle starts to travel. In other words, when the 

device for detecting the line of the sight detects that the vehicle starts to travel, 

the device may perform the face detection on any frame of image (including the 

second image) in the obtained video stream data. 
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[0043] In the embodiment of the disclosure, the reference speed is a measure that is 

used to determine a minimum speed of the vehicle for the device for detecting a 

line of sight to perform the face detection on the second image included in the 

video stream data. Therefore, the value of the reference speed is not limited 

herein. The reference speed may be set by the user, or set by a device for 

measuring the traveling speed of the vehicle that is connected to the device for 

detecting a line of sight or set by the device for detecting the line of sight, but the 

embodiment of the disclosure is not limited thereto. 

[0044] In operation 102, positions of key points in a face area in the detected second 

image are determined to determine eye areas in the face area. 

[0045] In the embodiment of the disclosure, an algorithm such as the "robert" edge 

detection algorithm and the sobel algorithm, a relevant model such as the active 

contour snake model or the like may be used to determine the positions of the 

key points. Alternatively, a neural network used for detecting the key points on 

the face may be used to detect and output the key points. Furthermore, a third 

party application may be used to determine the positions of the key points on the 

face. For example a third party tool kit "dlib" is used to determine the positions 

of the key points on the face. 

[0046] For example, "dlib" is a C++ open-source tool kit that is effective in 

determining the key points on the face and includes machine learning algorithms. 

At present, the tool kit "dlib" is widely used in robots, embedded devices, mobile 

phones and a field of large high-performance computing environments. Therefore, 

the toolkit may be used effectively to obtain the key points on the face by 

determining their positions. In some embodiments, there may be 68 key points on 

the face. It can be understood: since each key point on the face has coordinates, 

namely pixel-point coordinates when its position is determined, the eye areas 

may be determined according to the coordinates of the key points. Alternatively, 

the detection may be performed on the key points on the face through the neural 
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network to make key points 21, 106 or a key point 240 detected. 

[0047] For example, FIG. 2a is a schematic diagram of a scenario for key points on a 

face provided in an embodiment of the disclosure. As illustrated in FIG. 2a, the 

key points on the face may include 68 key points: the key points 0-67. The eye 

areas including the key points 36 to 47 may be determined from among the 68 

key points. Therefore, as illustrated in FIG. 2b, a left eye area may be determined 

according to the key points 36, 39, 37 (or 38), 40 (or 41) and a right eye area may 

be determined according to the key points 42, 45, 43 (or 44), 46 (or 47). In some 

embodiments, the eye areas may also be determined according to the key points 

36, 45, 37 (or 38, or 43, or 44) and 41 (or 40, or 46, or 47). 

[0048] It can be understood that the is an example of determining the eye areas 

provided in the embodiment of the disclosure. Other key points may be used to 

determine the eye areas in a detailed implementation of determination of the eye 

areas, but the embodiment of the disclosure is not limited thereto. 

[0049] In operation 103, an eye-area image is clipped from the second image. 

[0050] In the embodiment of the disclosure, after the eye areas on the face area are 

determined, the eye-area image may be clipped from the face area. With FIG. 2b 

taken as an example, the eye-area image is clipped based on two rectangle boxes 

illustrated in FIG. 2b. 

[0051] It can be understood that the method used by the device for detecting a line 

of sight to clip the eye-area image is not limited in the embodiment of the 

disclosure. For example, the eye-area image may be clipped out by a picture 

clipping software, a drawing software or the like. 

[0052] In operation 104, the eye-area image is inputted into a neural network trained 

in advance and a line-of-sight direction of the eye-area image is outputted. 

[0053] In the embodiment of the disclosure, the device for training the neural 
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network not only may automatically obtain first line-of-sight directions but also 

may accurately obtain a large number of first line-of-sight directions. Therefore, 

a large amount of accurate and reliable data are provided to train the neural 

network, which increases an efficiency of the training and accuracy in predicting 

the line-of-sight directions. 

[0054] The neural network may be a Deep Neural Network (DNN), a Convolutional 

Neural Network (CNN) or the like. A form that the neural network takes is not 

limited in the embodiment of the disclosure. 

[0055] In the embodiment of the disclosure, the neural network trained in advance 

may be a neural network trained by the device for detecting a line of sight or a 

neural network trained by other devices such as a device for training a neural 

network. After the training, the device for detecting a line of sight obtains the 

neural network from the device for training the neural network. During an 

implementation of the embodiment of the disclosure, an accuracy of line-of-sight 

detection on any frame of image in the video stream data may be increased 

effectively by the neural network that is trained in advance. Furthermore, the 

line-of-sight detection on any frame of image in the video stream data may 

enable the device for detecting a line of sight to make effective use of the line of 

sight to perform other operations. 

[0056] In some embodiments, when the device for detecting a line of sight is a game 

machine, the device for detecting a line of sight may perform game interaction 

based on the line-of-sight detection, thereby increasing user satisfaction. When 

the device for detecting a line of sight is another household appliance such as a 

television set, the device for detecting a line of sight may wake up, sleep or 

perform other controlling operations based on the line-of-sight detection. For 

example, the device for detecting a line of sight may determine whether a user 

needs to turn on or turn off the household appliance such as the television set 

based on the line-of-sight direction, but the embodiment of the disclosure is not 
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limited thereto. When the device for detecting a line of sight is a device for 

publishing advertisements, the device may publish the advertisements according 

to the line-of-sight detection. For example, the device determines contents of 

advertisements that users are interested in according to the outputted line-of-sight 

direction so that the device can publish the advertisements that the users are 

interested in. 

[0057] It can be understood that what are described above are some examples that 

the device for detecting a line of sight provided in the embodiment of the 

disclosure performs other operations using the outputted line-of-sight direction. It 

is possible that other examples may be used on the detailed implementation. 

Therefore, the examples should not be understood as limitations to the 

embodiment of the disclosure. 

[0058] It can be understood that when the line-of-sight detection is performed on the 

second image included in the video stream data, the line-of-sight direction 

outputted by the neural network may dither. Therefore, the method further 

includes a following operation: after the eye-area image is inputted into the 

neural network trained in advance and the line-of-sight direction of the eye-area 

image is outputted, 

[0059] a line-of-sight direction of the second image is determined according to the 

line-of-sight direction of the eye-area image and a line-of-sight direction of at 

least one adjacent frame of image of the second image. 

[0060] In the embodiment of the disclosure, the at least one adjacent frame of image 

may be understood as at least one frame of image that is adjacent to the second 

image. For example, the at least one frame of image may be M frames of images 

before the second image or N frames of images after the second image, where 

both M and N are integers greater than or equal to 1. For example, the second 

image is a 5th frame of image in the video stream data, then the device for 
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detecting a line of sight may determine a line-of-sight direction of a 5th frame 

according to a line-of-sight direction of a 4th frame and the line-of-sight direction 

of the fifth frame. 

[0061] In some embodiments, an average of the line-of-sight direction of the 

eye-area image and the line-of-sight direction of at least one adjacent frame of 

image of the second image may be determined as the line-of-sight direction of the 

second image, namely the line-of-sight direction of the eye-area image. The 

manner may effectively prevent the obtained line-of-sight direction from being 

determined as the line-of-sight direction predicted after the dither of the neural 

network and effectively make line-of-sight prediction more accurate. 

[0062] For example, if the line-of-sight direction of the second image is （gx，gy，

gz）n, the second image is an N-th frame of image in the video stream data, and 

line-of-sight directions corresponding to first N-1 frames of images are 

respectively （gx，gy，gz）n-1，（gx，gy，gz）n-2，…（gx，gy，gz）1, the 

line-of-sight direction of the N-th frame of image, namely the line-of-sight 

direction of the second image, may be calculated according to a formula (1):  

[0063] 𝑔𝑎𝑧𝑒 =  
ଵ

௡
∑ (𝑔𝑥, 𝑔𝑦, 𝑔𝑧)௜

௡
௜ୀଵ     (1). 

[0064] In the formula (1), "gaze" is the line-of-sight direction of the second image, 

namely a 3D line-of-sight direction of the second image. 

[0065] In some embodiments, the line-of-sight direction corresponding to the N-th 

frame of image may also be calculated according to a weighted sum of the 

line-of-sight direction corresponding to the N-th frame of image and the 

line-of-sight direction corresponding to the (N-1)th frame of image. 

[0066] With the parameters shown above taken as another example, the line-of-sight 

direction corresponding to the N-th frame of image may be calculated according 

to a formula (2):        gaze =  
ଵ

ଶ
∑ (gx, gy, gz)୧

୬
୧ୀ୬ିଵ     (2). 
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[0067] It can be understand that the two formulas only constitute an example and 

should not be understood as a limitation on the embodiment of the disclosure. 

[0068] Implementation of the embodiment of the disclosure may effectively prevent 

the line-of-sight direction outputted by the neural network from being subjected 

to the dither and make the line-of-sight prediction more accurate. 

[0069] Based on what FIG. 1 illustrates, a method about how to make use of the 

line-of-sight direction outputted by the neural network is further provided in the 

embodiment of the disclosure. The method is shown below. 

[0070] The method further includes following operations: after the line-of-sight 

direction of the eye-area image is outputted,  

[0071] a region of interest (ROI) of the driver is determined according to the 

line-of-sight direction of the eye-area image; 

[0072] a driving behavior of the driver is determined according to the ROI of the 

driver. The driving behavior includes whether the driver is driving distractedly. 

[0073] In the embodiment of the disclosure, by outputting the line-of-sight direction, 

the device for detecting a line of sight can obtain a direction in which the driver 

gazes through analysis, that is to say, the device for detecting a line of sight can 

obtain an approximate region that the driver is interested in. Therefore, whether 

the driver is engrossed in driving may be determined according to the ROI. 

Normally, when driving attentively, the driver usually keeps looking ahead but 

occasionally looks sideways. But if it is found that the ROI is always not in front 

of him, it can be determined that the driver is driving distractedly. 

[0074] In some embodiments, the device for detecting a line of sight can output 

early-warning prompt information when determining that the driver is driving 

distractedly. In order to make the early-warning prompt information outputted 

more accurately and spare the driver unnecessary troubles, the operation of 
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outputting the early-warning prompt information may include following 

operations: 

[0075] in response to that a number of times of distracted driving of the driver is less 

than a reference number of times, the early-warning prompt information is 

outputted; 

[0076] alternatively, in response to that a length of time during which the driver is 

driving distractedly reaches a reference length of time, the early-warning prompt 

information is outputted; alternatively, in response to the length of time during 

which the driver is driving distractedly reaches the reference length of time and 

the number of times of distracted driving of the driver reaches the reference 

number of times, the early-warning prompt information is outputted; alternatively, 

in response to that the driver is driving distractedly, prompt information is 

transmitted to a terminal connected to the vehicle. 

[0077] It can be understood that the reference number of times and the reference 

length of time are used to measure how the device for detecting a line of sight 

outputs the early-warning prompt information. Therefore, the reference number 

of times and the reference length of time are not specifically limited in the 

embodiment of the disclosure. 

[0078] It can be understood that the device for detecting a line of sight may establish 

a wired or wireless connection with the terminal so that by transmitting the 

prompt information to the terminal, the device for detecting a line of sight can 

remind the driver or other people in the vehicle in time The terminal is a terminal 

of the driver or a terminal of another person in the vehicle. The terminal is not 

limited to a unique one in the embodiment of the disclosure. 

[0079] Implementation of the embodiment of the disclosure may enable the device 

for detecting a line of sight to analyze the line-of-sight direction of any frame of 

image in the video stream data for many times or for a long time so that an 
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accuracy in determining whether the driver is driving distractedly is further 

increased. 

[0080] In some embodiments, in response to that the driver is driving distractedly, 

the device for detecting a line of sight may also store one or more of: the eye-area 

image, and a preset number of frames of images before and after the eye-area 

image; alternatively in response to that the driver is driving distractedly, the 

device for detecting a line of sight transmits, to the terminal connected to the 

vehicle, one or more of: the eye-area image, and a preset number of frames of 

images before and after the eye-area image. 

[0081] In the embodiment of the disclosure, the device for detecting a line of sight 

may only store the eye-area image, or only store a preset number of frames of 

images before and after the eye-area image, or store both the eye-area image and 

the preset number of frames of images before and after the eye-area image, which 

makes it convenient for users to search for the line-of-sight direction afterwards. 

Transmission of the images to the terminal enables the users to query about the 

line-of-sight direction at any time and obtain at least one of: the eye-area image, 

or the preset number of frames of images before and after the eye-area image 

without delay. 

[0082] The neural network in the embodiment of the disclosure can be designed by 

stacking network layers including a convolutional layer, a non-linear layer, and a 

pooling layer in a certain way. A detailed structure of the network is not limited 

in the embodiment of the disclosure. After the design of the structure of the 

neural network is finished, the designed neural network may be subjected to tens 

of thousands of iterative and supervised trainings using a method such as the 

back gradient propagation based on positive and negative sample images with 

labeled information. A detailed training manner is not limited in the embodiment 

of the disclosure. A method for training a neural network in some embodiments 

of the disclosure is introduced below. 
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[0083] Firstly, technical terms appearing in the embodiment of the disclosure are to 

be introduced below. A world coordinate system, namely a measurement 

coordinate system, is an absolute coordinate system. A camera coordinate system: 

an origin of the camera coordinate system is an optical center of a camera and a 

z-axis is an optical axis of the camera. A method of obtaining a relationship 

between the world coordinate system and the camera coordinate system is shown 

below: the world coordinate system including its original axis, x-axis, y-axis and 

z-axis is determined; and coordinates of any object in the world coordinate 

system may be obtained through measurement. For example, firstly coordinate 

systems of a group of points in the world coordinate system are obtained through 

the measurement and then the camera takes pictures of each point in the group to 

obtain a coordinate system of each point in the camera. If a 3*3 rotation matrix of 

the world coordinate system relative to the camera coordinate system is assumed 

to be R and a 3*1 translation vector of the world coordinate system relative to the 

camera coordinate system is assumed to be T, rotation and translation between 

the world coordinate system and the camera coordinate system may be obtained. 

It can be understood that the is only an example of obtaining the relationship 

between the world coordinate system and the camera coordinate system. Other 

manners may also be adopted to obtain the relationship in detailed 

implementation. Therefore, the method provided in the embodiment of the 

disclosure should not be used as a limitation. 

[0084] The camera coordinate system: an origin of the camera coordinate system is 

the optical center of the camera and the z-axis is the optical axis of the camera. It 

can be understood the camera, also referred to as webcam, may be specifically a 

Red, Green and Blue (RGB) camera, an infrared camera, a near infrared camera 

or the like, but the embodiment of the disclosure is not limited thereto. In the 

embodiment of the disclosure, the camera coordinate system may also be referred 

to as webcam coordinate system, but the names are not limited herein. In the 

embodiment of the disclosure, the camera coordinate system includes a first 
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camera coordinate system and a second coordinate system. A relationship 

between the first camera coordinate system and the second camera coordinate 

system is introduced in detail below. 

[0085] The first camera coordinate system: in the embodiment of the disclosure, the 

first camera coordinate system is a coordinate system of any camera determined 

from among a camera array. It can be understood the camera array may also be 

referred to as a webcam array, which is not limited in the embodiment of the 

disclosure. Specifically, the first camera coordinate system may be a coordinate 

system corresponding to a first camera, or a coordinate system corresponding to a 

first webcam, and the like. The second camera coordinate system: in the 

embodiment of the disclosure, the second camera coordinate system is a 

coordinate system corresponding to a second camera, namely a coordinate system 

of the second camera. A method of determining the relationship between the first 

camera coordinate system and the second camera coordinate system is shown as 

follows: the first camera is determined from among the camera array and then the 

first camera coordinate system is determined; a focal length and a principal point 

position of each camera in the camera array are obtained; the relationship 

between the first camera coordinate system and the second camera coordinate 

system are determined according to the first camera coordinate system and the 

focal length and the principal point position of each camera in the camera array. 

For example, after the first camera coordinate system is set up, a classic 

checkerboard grid calibration method may be used to obtain the focal length and 

the principal point position of each camera in the camera array so that the 

rotation and the translation of other camera coordinate systems (such as the 

second camera coordinate system) relative to the first camera coordinate system 

are determined. In the embodiment of the disclosure, the camera array includes at 

least the first camera and the second camera, and the position and orientation of 

each camera relative to other cameras are not limited in the embodiment of the 

disclosure. For example, the relationships between each camera are set on 
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condition that each camera in the camera array is able to cover the human eyes' 

line-of-sight range. 

[0086] For example, cameras c1, c2, c3, c4, c5, c6, c7, c8, c9 and c10 constitute the 

camera array, c5 (that is a camera deployed in the center) is determined as the 

first camera and the first camera coordinate system is set up; the focal lengths f, 

the principal point positions (u, v) of all the cameras, and the rotation and 

translation of these cameras relative to the first camera are obtained using the 

classic checkerboard grid calibration method. A coordinate system in which each 

camera is located is defined as a camera coordinate system, and the positions and 

orientations of other cameras, relative to the first camera, in the first camera 

coordinate system are calibrated and calculated through a binocular camera; By 

doing this, the relationship between the first camera coordinate system and the 

second camera coordinate system can be determined. It can be understood that 

after the first camera is determined, the second camera may include other 

cameras other than the first camera and may include at least two cameras. 

[0087] It can be understood that the is only an example and other methods such as 

the Zhengyou Zhang calibration method may be adopted to determine 

relationships between a reference camera coordinate system and other camera 

coordinate systems in detailed implementation, but the embodiment of the 

disclosure is not limited thereto. It may be understood the cameras in the 

embodiment of the disclosure may be infrared cameras or cameras of other types, 

but the embodiment of the disclosure is not limited thereto. 

[0088] FIG. 3 is a schematic flowchart of a method for training a neural network 

provided in an embodiment of the disclosure. The method for training the neural 

network may be applied to a device for detecting a line of sight that may include 

a server and a terminal device. The terminal device may include a cellphone, a 

tablet computer, a desktop computer, a personal palmtop computer or the like. A 

specific form that the device for detecting a line of sight takes is not limited to a 
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unique one in the embodiment of the disclosure. It can be understood that the 

method for training the neural network may also be applied to a device for 

training the neural network that may include a server and a terminal device. The 

type of the device for training the neural network may be same as or different 

from that of the device for detecting the line of sight, but the embodiment of the 

disclosure is not limited thereto. 

[0089] As illustrated in FIG. 3, the method for training the neural network includes 

operations 301 to 304. 

[0090] In operation 301, first coordinates of a pupil reference point in a first image 

in a first camera coordinate system, and second coordinates of a cornea reference 

point in the first image in the first camera coordinate system are determined. The 

first image includes at least an eye image. 

[0091] In the embodiment of the disclosure, the first image is a two-dimensional (2D) 

picture that includes eyes and is captured by a camera. The first image is an 

image that is to be inputted into and train the neural network. Specifically, the 

first image may include at least two images and the number of the images that the 

first image includes is determined by progress of the training. Therefore, the 

number of the images that the first image includes is not limited in the 

embodiment of the disclosure. 

[0092] In the embodiment of the disclosure, if the camera that captures the first 

image is a second camera (including at least two cameras), the coordinates of the 

pupil reference point in the second camera coordinate system may be determined 

firstly and then the first coordinates are determined according to a relationship 

between the first camera coordinate system and a second camera coordinate 

system. Detailed implementation is illustrated in FIG. 4 

[0093] Likewise, positions where images of light sources are formed on the cornea 

reference point, namely coordinates of reflection points in the second camera 
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coordinate system, may be determined firstly and then the second coordinates 

may be determined according to the relationship between the first camera 

coordinate system and the second camera coordinate system. Detailed 

implementation is illustrated in FIG. 5 

[0094] In the embodiment of the disclosure, the cornea reference point may be any 

point on the cornea. In some embodiments, the cornea reference point may be a 

center of the cornea, a point on an edge of the cornea, or one of other key points 

on the cornea. The position of the cornea reference point is not limited to a 

unique position in the embodiment of the disclosure. The pupil reference point 

may also be any point on the pupil. In some embodiments, the pupil reference 

point may be a center of the pupil, a point on an edge of the pupil, or one of other 

key points on the pupil. The position of the pupil reference point is not limited to 

a unique position in the embodiment of the disclosure. 

[0095] In operation 302, a first line-of-sight direction of the first image is 

determined according to the first coordinates and the second coordinates. In the 

embodiment of the disclosure, after the first coordinates and the second 

coordinates are obtained, the first line-of-sight direction may be obtained 

according to a line connecting the points respectively located at the two 

coordinates. That is to say, the determination of the first line-of-sight direction 

performed according to the connection between the pupil reference point and the 

cornea reference point may also make the first line-of-sight direction obtained 

more accurately. 

[0096] In operation 303, line-of-sight detection is performed on the first image 

through the neural network to obtain a first detected line-of-sight direction. It 

may be understood that the first image may also be an image that is only related 

to eyes so that other parts of a human body are prevented from increasing the 

workload of the neural network in the detection of the line-of-sight direction. FIG. 

6a is a schematic diagram of a first image shown in an embodiment of the 
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disclosure and also illustrates reflection points that light sources form on a cornea. 

It can be understood that the first image in the embodiment of the disclosure may 

be an image corresponding to an eye or an image corresponding to two eyes, but 

the embodiment of the disclosure is not limited thereto. 

[0097] A method for obtaining the first image is further provided in the embodiment 

of the disclosure. The method for obtaining the first image is shown as follows: a 

position of a face in the image is obtained through a face detection method, 

herein a proportion of an area of the eyes in the image to an area of the image is 

greater than or equal to a preset proportion; positions of the eyes in the image are 

determined through key points on the face; and the image is clipped to obtain an 

image of the eyes from the former image. The image of the eyes is known as the 

first image. 

[0098] In some embodiments, since the face is not upright due to rotation, after the 

positions of the eyes in the image are determined through the key points on the 

face, inner eye corners of the two eyes may be rotated so that the horizontal axis 

coordinates of the inner eye corners are equal. Therefore, the first image is finally 

obtained by clipping the eyes from the rotated image after the horizontal axis 

coordinates of the inner eye corners of the two eyes are made equal by the 

rotation.  

[0099] It can be understood that the preset proportion is set to measure the 

proportion of the area of the eyes in the image and determine whether the 

obtained image needs clipping. The preset proportion may be set for other 

purposes. The value of the preset proportion value may be set by a user or 

automatically set by the device for training the neural network or set in other 

manners, but the embodiment of the disclosure is not limited thereto. For 

example, the image is exactly an image of eyes, in this case the image may be 

directly inputted into the neural network. For another example, the eyes take up 

one tenth of the image; in this case operations including the clipping need to be 
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performed on the image to obtain the first image. 

[0100] It can be understood that in order to further improve smoothness in a 

line-of-sight direction, the operation of performing the line-of-sight detection on 

the first image through the neural network to obtain the first detected 

line-of-sight direction includes following operations: in response to that the first 

image is a video image, a line-of-sight direction of each of N adjacent frames of 

images is detected through the neural network, herein N is an integer greater than 

1; and a line-of-sight direction of an N-th frame of image is determined as the 

first detected line-of-sight direction according to the line-of-sight directions of 

the N adjacent frames of images. 

[0101] In the embodiment of the disclosure, the value of N value is not limited. The 

N adjacent frames of images may be N frames of images (including the N-th 

frame of image) before the N-th frame of image, or N frames of images after the 

N-th frame of image, or a total of N frames of images before and after the N-th 

frame of image, but the embodiment of the disclosure is not limited thereto. 

[0102] In some embodiments, the line-of-sight direction of the N-th frame of image 

is determined according to an average of the line-of-sight directions of the N 

adjacent frames of images and then smoothing processing is performed on the 

line-of-sight direction of the N-th frame of image so that the obtained first 

detected line-of-sight direction is more stable. 

[0103] In operation 304, the neural network is trained according to the first 

line-of-sight direction and the first detected line-of-sight direction. 

[0104] It can be understood that after the neural network is trained, a line-of-sight 

direction of a second image may be detected using the neural network. The 

implementation illustrated by FIG. 1 may be referred to for a detailed manner of 

the detection and details are not elaborated herein. 
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[0105] It can be understood that after the neural network is trained and obtained 

using the method, the device for training the neural network may directly apply 

the neural network to detect the line-of-sight direction or transmits the trained 

neural network to other devices so that these devices can use the trained neural 

network to detect the line-of-sight direction. The devices to which the trained 

neural network is transmitted by the device for training the neural network are 

not limited in the embodiment of the disclosure. 

[0106] In some embodiment, the operation of training the neural network according 

to the first line-of-sight direction and the first detected line-of-sight direction 

includes a following operation: 

[0107] one or more network parameters of the neural network are adjusted according 

to a loss between the first line-of-sight direction and the first detected 

line-of-sight direction. 

[0108] In some embodiments, the method further includes a following operation: 

before the neural network is trained according to the first line-of-sight direction 

and the first detected line-of-sight direction, 

[0109] normalization processing is respectively performed on the first line-of-sight 

direction and the first detected line-of-sight direction. 

[0110] The operation of training the neural network according to the first 

line-of-sight direction and the first detected line-of-sight direction includes a 

following operation: 

[0111] the neural network is trained according to the first line-of-sight direction 

subjected to the normalization processing and the first detected line-of-sight 

direction subjected to the normalization processing. 

[0112] The one or more network parameters of the neural network may also be 

adjusted according to a loss between the first line-of-sight direction subjected to 
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the normalization processing and the first detected line-of-sight direction 

subjected to the normalization processing. Specifically, the one or more network 

parameters may include a convolution kernel size parameter, a weighting 

parameter and the like. The one or more network parameters included by the 

neural network are not limited in the embodiment of the disclosure. 

[0113] Specifically, if the first line-of-sight direction is assumed to be (x1, y1, z1) 

and the first detected line-of-sight direction is assumed to be (x2, y2, z2), a 

manner of the normalization processing may be shown as follows 

[0114] normalize ground truth = 

[0115] ( (౮భ)

ට(౮భ)మశ(౯భ)మశ(౰భ)మమ
, (౯భ)

ට(౮భ)మశ(౯భ)మశ(౰భ)మమ
, (౰భ)

ට(౮భ)మశ(౯భ)మశ(౰భ)మమ
)   (3). 

[0116] normalize prediction gaze = 

[0117] ( (౮మ)

ට(౮మ)మశ(౯మ)మశ(౰మ)మమ
, (౯మ)

ට(౮మ)మశ(౯మ)మశ(౰మ)మమ
, (౰మ)

ට(౮మ)మశ(౯మ)మశ(౰మ)మమ
)   (4). 

[0118] In the above formulas, normalize ground truth is the first line-of-sight 

direction subjected to the normalization processing and 

normalize prediction gaze is the first detected line-of-sight direction subjected 

to the normalization processing. 

[0119] A function for calculating the loss is shown as follows: 

[0120] loss =∥ normalize ground truth − normalize prediction gaze   (5). 

[0121] In the above formula, "loss" is the loss between the first line-of-sight 

direction subjected to the normalization processing and the first detected 

line-of-sight direction subjected to the normalization processing. It can be 

understood that a form that each of the letters takes or a form that each of the 

parameters takes is not a limitation on the embodiment of the disclosure but an 

example. 
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[0122] In the embodiment of the disclosure, the normalization processing on the first 

line-of-sight direction and the first detected line-of-sight direction may eliminate 

the negative impact of a vector length in the two directions so that attention is 

paid to the line-of-sight directions only.  

[0123] In some embodiments, the loss between the first line-of-sight direction and 

the first detected line-of-sight direction may also be measured according to a 

cosine value of an angle between the first line-of-sight direction subjected to the 

normalization processing and the first detected line-of-sight direction subjected to 

the normalization processing. Specifically, the less the cosine value of the angle 

between the first line-of-sight direction subjected to the normalization processing 

and the first detected line-of-sight direction subjected to the normalization 

processing, the less the loss between the first line-of-sight direction and the first 

detected line-of-sight direction. In other words, as the angle between the first 

line-of-sight direction subjected to the normalization processing and the first 

detected line-of-sight direction subjected to the normalization processing 

increases, an Euclidean distance between a vector for the first line-of-sight 

direction and a vector for the first detected line-of-sight direction becomes longer 

and the loss between the two directions increases. When the two vectors 

completely overlap, the loss is equal to 0. 

[0124] Implementation of the embodiment of the disclosure makes the device for 

training the neural network not only automatically obtains the first line-of-sight 

directions but also obtains a large number of first line-of-sight directions with 

accuracy. In this way, a large amount of accurate and reliable data is provided to 

train the neural network, which increases the accuracy in the training as well as 

the accuracy in detecting the line-of-sight directions. 

 

[0125] A method about how to determine first coordinates is also provided in an 
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embodiment of the disclosure. FIG. 4 is a schematic flowchart of a method for 

determining first coordinates according to the embodiment of the disclosure. The 

method may be applied to a device for training a neural network. As illustrated in 

FIG. 4, the method includes operations 401 to 402. 

[0126] In operation 401, a second camera is determined from among a camera array 

and coordinates of a pupil reference point in a second camera coordinate system 

is determined. The second camera coordinate system is a coordinate system 

corresponding to the second camera. 

[0127] In the embodiment of the disclosure, preceding embodiments may be referred 

to for detailed descriptions of the second camera coordinate system and the 

second camera; details are not elaborated herein. 

[0128] In some embodiments, the operation of determining the coordinates of the 

pupil reference point in the second camera coordinate system includes following 

operations: 

[0129] coordinates of the pupil reference point in the first image are determined; 

[0130] the coordinates of the pupil reference point in the second camera system are 

determined according to the coordinates of the pupil reference point in the first 

image and a focal length and a principal point position of the second camera. 

[0131] For example, the coordinates of the pupil reference point in the first image 

may be detected using a method for detecting edge points of the pupil. With a 

captured 2D eye picture, namely the first image, taken as an example, points 

surrounding the edge of the pupil of the eye may be extracted directly through a 

network model that detects the edge points of the pupil of the eye, and 

coordinates of the pupil reference points such as (m, n) are calculated according 

to the points surrounding the edge of the pupil. The calculated coordinates of the 

position of the pupil reference point: (m, n) may also be understood as the 
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coordinates of the pupil reference point in the first image, or coordinates of the 

pupil reference point in a pixel coordinate system. 

[0132] if it is assumed that the focal length of the camera that captures the first 

image (namely the second camera) is f and the principal point position of the 

camera is (u, v), coordinates of a point of the pupil reference point projected on 

an imaging plane of the second camera in the second camera coordinate system 

are (m-u, n-v, f) that are also 3D coordinates in the second camera coordinate 

system. 

[0133] It can be understood that when the second camera includes at least two 

cameras, coordinates of a point of the pupil reference point projected on an 

imaging plane of each camera in the camera coordinate system of the camera are 

calculated according to the first image captured by different cameras (different 

cameras included by the second camera). 

[0134] In operation 402, the first coordinates of the pupil reference point in a first 

camera coordinate system are determined according to a relationship between the 

first camera coordinate system and the second camera coordinate system and the 

coordinates of the pupil reference point in the first camera coordinate system. 

[0135] It can be understood that in the embodiment of the disclosure, the second 

camera may be any camera in the camera array. In some embodiments, the 

second camera includes at least two cameras. In other words, at least two second 

cameras may be used to capture and obtain two first images; coordinates of the 

pupil in the second camera coordinate system of each camera in the second 

camera are obtained (the preceding description may be referred to for details); in 

this way, the coordinates in each second coordinate system may be converted into 

coordinates in the first camera coordinate system. Therefore, after the coordinates 

of the pupil in the first camera coordinate system and the coordinates of the pupil 

in the second camera coordinate system are determined in succession, 
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coordinates of the pupil in a same coordinate system are obtained based on a fact 

that the camera, a projection point of the pupil reference point and the pupil 

reference point are on a same line. As illustrated in FIG. 6b, the coordinates of 

the pupil reference point (the one in FIG. 6b) in the first camera coordinate 

system is a common intersection point of these lines. 

[0136] It can be understood that in some implementations the first camera 

coordinate system may also be referred to as a benchmark camera coordinate 

system or a reference camera coordinate system. Therefore, the name of the first 

camera coordinate system is not limited to a unique name in the embodiment of 

the disclosure. 

[0137] Implementation of the embodiment of the disclosure may enable the 

coordinates of the pupil reference point in the first camera coordinate system 

obtained accurately, which lays a reliable foundation for determination of a first 

line-of-sight direction and increases an accuracy in training a neural network.  

[0138]  In some embodiments, a method about how to determine second 

coordinates is also provided in the embodiment of the disclosure. FIG. 5 is a 

schematic flowchart of a method for determining the second coordinates 

provided in an embodiment of the disclosure. The method may be applied to a 

device for training a neural network. 

[0139] As illustrated in FIG. 5, the method includes operations 501 to 503. 

[0140] In operation 501, coordinates of the light sources in a second camera 

coordinate system are determined. 

[0141] In the embodiment of the disclosure, the light sources include infrared light 

sources, near-infrared light sources, non-infrared light sources or the like. 

Detailed types of the light sources are not limited in the embodiment of the 

disclosure. 
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[0142] In the embodiment of the disclosure, the light sources include at least two 

light sources. But in real applications, experiments show that use of only two 

light sources does not really produce a reliable result because: on one hand, too 

few light sources cannot eliminate interference of noises when equations are used 

to determine a cornea reference point; on the other hand, the light sources' lights 

reflected off the cornea may not be captured from some perspectives. Therefore, 

in the embodiment of the disclosure, the infrared light sources include at least 

three infrared light sources. 

[0143] In some embodiments, the operation of determining the coordinates of the 

light sources in the second camera coordinate system includes following 

operations: 

[0144] coordinates of the light sources in a world coordinate system are determined; 

[0145] the coordinates of the light sources in the second camera coordinate system 

are determined according to a relationship between the world coordinate system 

and the second camera coordinate system. 

[0146] The method of determining a relationship between the world coordinate 

system and the camera coordinate system may be referred to for the method of 

determining the relationship between the world coordinate system and the second 

camera coordinate system, which is no longer elaborated herein. 

[0147] If it is assumed that there are eight infrared light sources: L1 to L8, their 

coordinates in the world coordinate system are {ai, i ranges from 1 to 8}, their 

coordinates in the second camera coordinate system are {bi, i ranges from 1 to 8}, 

a following formula is shown as follows: 

[0148] ai = R × bi + T    (6). 

[0149] The preceding embodiments may be referred to for the method of obtaining 

R and T. 
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[0150] In operation 502, coordinates of reflection points on the cornea in the first 

image in the second camera coordinate system are determined. The reflection 

points are positions where images of the light sources are formed on the cornea. 

[0151] In the embodiment of the disclosure, the reflection points are positions where 

images of light sources are formed on the cornea. As illustrated in FIG. 6a, the 

bright points in the eye are the reflection points. A number of the reflection points 

are same as that of the light sources. 

[0152] The operation of determining the coordinates of the reflection points on the 

cornea in the first image in the second camera coordinate system is shown as 

follows: 

[0153] coordinates of the reflection points in the first image are determined; 

[0154] coordinates of the reflection points in the second camera coordinate system 

are determined according to the coordinates of the reflection points in the first 

image and a focal length and a principal point position of a second camera. 

[0155] It can be understood that the implementation of determining the coordinates 

of the pupil reference point in the second camera coordinate system may be 

referred to for a detailed implementation of determining the coordinates of the 

reflection points on the cornea in the second camera coordinate system. 

[0156] In operation 503, the second coordinates of the cornea reference point in the 

first camera coordinate system are determined according to the coordinates of the 

light sources in the second camera coordinate system, the relationship between 

the first camera coordinate system and the second camera coordinate system and 

the coordinates of the reflection points on the cornea in the second camera 

coordinate system. 

[0157] In the embodiment of the disclosure, the second coordinates may be 

determined according to points at which the light sources, the reflection points 
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and reflected lights intersect on an imaging plane. In other words, the second 

coordinates are determined according to incident lights, the reflected lights and a 

normal that are on a same plane. A detailed manner of determining the second 

coordinates is as follows. 

[0158] The operation that the second coordinates of the cornea reference point in the 

first camera coordinate system are determined according to the coordinates of the 

light sources in the second camera coordinate system, the relationship between 

the first camera coordinate system and the second camera coordinate system and 

the coordinates of the reflection points on the cornea in the second camera 

coordinate system includes following operations: 

[0159] coordinates of Purkinje spots respectively corresponding to the light sources 

in the second camera coordinate system are determined according to the 

coordinates of the infrared light sources in the second camera coordinate system 

and the coordinates of the reflection points on the cornea in the second camera 

coordinate system; 

[0160] the second coordinates are determined according to the coordinates of the 

light sources in the second camera coordinate system, the coordinates of the 

reflection points on the cornea in the second camera coordinate system, the 

coordinates of the Purkinje spots in the second camera coordinate system and the 

relationship between the second camera coordinate system and the first camera 

coordinate system. 

[0161] In order to make the method understood in a vivid way, a schematic diagram 

in FIG. 6c illustrates determination of a cornea reference point that is provided in 

an embodiment of the disclosure. L1 to L8 represent 8 infrared light sources. 

[0162] For example, a light emitted by the infrared light source L2 reflected off a 

cornea and an image of L2 is formed in a camera C2. Specifically speaking, the 

light emitted by L2 reflects off G22 (a reflection point) on an outer surface of the 
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cornea; the reflected light passes through C2 and intersects with an imaging plane 

P2 at a Purkinje spot G'22. According to the law of reflection, an incident light 

G22L2, the reflected light G'22C2 and a normal G22A are on a same plane. If the 

plane is denoted as π22 = (L2 − C2) × (G′22 −C2), a center A of a sphere where 

the cornea is meets an equation: π22*(A − C2) = 0. The first "2" in "π22" may 

represent a serial number of the infrared light source, and the second "2" in "π22" 

may represent a serial number of the camera. The meanings of the serial numbers 

in "π22" are similar to those of the serial numbers below. 

[0163] Likewise, the other 3 planes including the sphere center A: π11，π12，π21 

may be listed. Coordinates of A in the camera coordinate system may be obtained 

by solving the following equations: 

[0164] π11*(A − C1) = 0    (7) 

[0165] π12*(A − C2) = 0    (8) 

[0166] π21*(A − C1) = 0    (9) 

[0167] π22*(A − C2) = 0    (10). 

[0168] As can be seen from the, although principles make it possible that the 

coordinates of the cornea reference point A in a reference camera coordinate 

system can be calculated using 3 of the 4 equations, it is found in practical data 

collection that use of only 2 light sources cannot produce a reliable result; the 

reason is that just a few equations cannot eliminate interference of noises and the 

light that is emitted by the light source and is reflected off the cornea cannot be 

captured. 8 infrared light sources in total are provided in an acquisition system in 

order to solve this problem, which ensures that enough bright reflection points 

used for calculating the coordinates of the cornea reference point are available on 

the cornea with most head postures and visual angles on tap. 

[0169] During implementation of the embodiment of the disclosure to determine the 
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cornea reference point, creation of an overdetermined set of equations using 

multiple spots may make improve robustness and an accuracy of calculation 

involved in the implementation. Therefore, the coordinates of the cornea 

reference point in the reference camera coordinate system may be obtained 

accurately, more accurate data are further provided to train a DNN with a greater 

efficiency. 

[0170] It can be understood that the methods illustrated in FIG. 1 to FIG. 5 have 

their respective focuses. The description of other embodiments may be referred 

to for an implementation that is not described in detail in one embodiment. 

[0171] FIG. 7 is a schematic diagram of a scenario of a method for detecting a line 

of sight provided in an embodiment of the disclosure. The method includes 

operations 701 to 707. 

[0172] In operation 701, multiple infrared cameras are calibrated to obtain a focal 

length, a principal point position of each camera as well as relative rotation and 

translation between the cameras. 

[0173] In operation 702, 3D coordinates of infrared light sources in a camera 

coordinate system are calculated. 

[0174] In operation 703, 3D coordinates (first coordinates) of a pupil reference point 

in a human eye (a human eye in a first image) in the camera coordinate system 

are calculated. 

[0175] In operation 704, 3D coordinates of reflection points formed by the infrared 

light sources on the cornea of the human eye in the camera coordinate system are 

calculated. 

[0176] In operation 705, 3D coordinates (second coordinates) of a cornea reference 

point in the camera coordinate system are calculated using a cornea model. 
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[0177] In operation 706, a real value of a 3D vector of a line of sight of the human 

eye is obtained using a line connecting the cornea reference point and the pupil 

reference point. 

[0178] In operation 707, a neural network used for detecting the 3D line of sight of 

the human eye is trained using acquired data. 

[0179] Implementation of the embodiment of the disclosure may make a large 

amount of line-of-sight data of the human eye (a first detected line-of-sight 

direction) and a real value of a corresponding line-of-sight direction (a first 

line-of-sight direction) obtained more quickly, accurately and steadily. An 

end-to-end manner makes a deep convolutional neural network used for detecting 

the 3D line of sight of the human eye easier to train. In addition, the trained 

network is applied more easily. 

[0180] FIG. 8a is a schematic structural diagram of a device for training a neural 

network provided in an embodiment of the disclosure. The device for training the 

neural network may include a first determining unit 801, a second determining 

unit 802, a detecting unit 803 and a training unit 804. 

[0181] The first determining unit 801 is configured to determine first coordinates of 

a pupil reference point in a first image in a first camera coordinate system, and 

determine second coordinates of a cornea reference point in the first image in the 

first camera coordinate system. The first image includes at least an eye image. 

[0182] The second determining unit 802 is configured to determine a first 

line-of-sight direction of the first image according to the first coordinates and the 

second coordinates. 

[0183] The detecting unit 803 is configured to perform line-of-sight detection on the 

first image through the neural network to obtain a first detected line-of-sight 

direction. 
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[0184] The training unit 804 is configured to train the neural network according to 

the first line-of-sight direction and the first detected line-of-sight direction. 

[0185] Implementation of the embodiment of the disclosure makes the device for 

training the neural network not only automatically obtains the first line-of-sight 

directions but also obtains a large number of first line-of-sight directions with 

accuracy. In this way, a large amount of accurate and reliable data are provided to 

train the neural network, which increases an accuracy in the training as well as an 

accuracy in detecting or predicting the line-of-sight directions. 

[0186] In some embodiments, the training unit 804 is specifically configured to 

adjust one or more network parameters of the neural network according to a loss 

between the first line-of-sight direction and the first detected line-of-sight 

direction. 

[0187] In some embodiments, as illustrated in FIG. 8b, the device further includes a 

normalization processing unit. 

[0188] The normalization processing unit is configured to perform normalization 

processing respectively on the first line-of-sight direction and the first detected 

line-of-sight direction. 

[0189] The training unit is specifically configured to train the neural network 

according to the first line-of-sight direction subjected to the normalization 

processing and the first detected line-of-sight direction subjected to the 

normalization processing. 

[0190] In some embodiments, the detecting unit 803 is specifically configured to 

detect a line-of-sight direction of each of N adjacent frames of images through 

the neural network in response to that the first image is a video image, herein N is 

an integer greater than 1; and determine, according to the line-of-sight directions 

of the N adjacent frames of images, a line-of-sight direction of an N-th frame of 
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image as the first detected line-of-sight direction. 

[0191] In some embodiments, the detecting unit 803 is specifically configured to 

determine, according to an average of the line-of-sight directions of the N 

adjacent frames of images, the line-of-sight direction of the N-th frame of image 

as the first detected line-of-sight direction. 

[0192] As illustrated in FIG. 9a, specifically, the first determining unit 801 includes 

a first determining sub-unit 8011 and a second determining sub-unit 8012. 

[0193] The first determining sub-unit 8011 is configured to determine coordinates of 

the pupil reference point in a second camera coordinate system. 

[0194] The second determining sub-unit 8012 is configured to determine, according 

to a relationship between the first camera coordinate system and the second 

camera coordinate system and the coordinates of the pupil reference point in the 

first camera coordinate system, the first coordinates of the pupil reference point 

in the first camera coordinate system. 

[0195] In some embodiments, the first determining sub-unit 8011 is specifically 

configured to determine coordinates of the pupil reference point in the first image; 

and determine, according to the coordinates of the pupil reference point in the 

first image and a focal length and a principal point position of a second camera, 

the coordinates of the pupil reference point in the second camera system. 

[0196] In some embodiments, as illustrated in FIG 9b, the first determining unit 801 

further includes a third determining sub-unit 8013 and a fourth determining 

sub-unit 8014. 

[0197] The third determining sub-unit 8013 is configured to determine coordinates 

of reflection points on the cornea in the first image in the second camera 

coordinate system. The reflection points are positions where images of light 

sources are formed on the cornea. 
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[0198] The fourth determining sub-unit 8014 is configured to determine, according 

to the relationship between the first camera coordinate system and the second 

camera coordinate system and the coordinates of the reflection points on the 

cornea in the second camera coordinate system, the second coordinates of the 

cornea reference point in the first camera coordinate system. 

[0199] In some embodiments, the fourth determining sub-unit 8014 is specifically 

configured to: determine coordinates of the light sources in the second camera 

coordinate system; and determine the second coordinates of the cornea reference 

point in the first camera coordinate system according to the coordinates of the 

light sources in the second camera coordinate system, the relationship between 

the first camera coordinate system and the second camera coordinate system and 

the coordinates of the reflection points on the cornea in the second camera 

coordinate system. 

[0200] In some embodiments, the fourth determining sub-unit 8014 is specifically 

configured to: determine coordinates of Purkinje spots respectively 

corresponding to the light sources in the second camera coordinate system; and 

determine the second coordinates of the cornea reference point in the first camera 

coordinate system according to the coordinates of the Purkinje spots respectively 

corresponding to the light sources in the second camera coordinate system, the 

coordinates of the light sources in the second camera coordinate system, the 

relationship between the first camera coordinate system and the second camera 

coordinate system, and the coordinates of the reflection point on the cornea in the 

second camera coordinate system. 

[0201] In some embodiments, the third determining sub-unit 8013 is specifically 

configured to: determine coordinates of the reflection points in the first image; 

and determine coordinates of the reflection points in the second camera 

coordinate system according to the coordinates of the reflection points in the first 

image and a focal length and a principal point position of above second camera. 
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[0202] In some embodiments, the fourth determining sub-unit 8014 is specifically 

configured to: determine coordinates of the light sources in a world coordinate 

system; and determine the coordinates of the light sources in the second camera 

coordinate system according to a relationship between the world coordinate 

system and the second camera coordinate system. 

[0203] In some embodiments, the light sources include infrared light sources or 

near-infrared light sources, the light sources include at least two light sources, 

and a number of the reflection points corresponds to a number of the light 

sources. 

[0204] It can be understood that the foregoing texts or corresponding descriptions of 

the method embodiments in FIG. 3 to FIG. 5 and FIG. 7 may also be referred to 

for implementation of each unit and device embodiments' technical effects. 

[0205] FIG. 10 is a schematic structural diagram of an electronic device provided in 

an embodiment of the disclosure. As illustrated in FIG. 10, the electronic device 

includes a processor 1001, a memory 1002, and an Input/Output (I/O) interface 

1003. The processor 1001, the memory 1002 and the I/O interface 1003 connect 

to each other through a bus. 

[0206] Data and/or signals may be inputted into the I/O interface 1003 and the I/O 

interface 1003 may be configured to output the data and/or the signals. For 

example, after the electronic device finishes training a neural network, the I/O 

interface 1003 may be configured to transmit the trained neural network to other 

electronic devices. 

[0207] The memory 1002 includes but is not limited to a Random Access Memory 

(RAM), a Read-Only Memory (ROM), an Erasable Programmable Read Only 

Memory (EPROM), a Compact Disc Read-Only Memory (CD-ROM) and is 

configured to store relevant instructions and data. The memory 1002 is 

configured to store relevant instructions and data. 
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[0208] The processor 1001 may be one or more Central Processing Units (CPUs). 

When the processor 1001 is a CPU, it may be a single-core CPU or a multi-core 

CPU. 

[0209] In some embodiments, corresponding descriptions of the method 

embodiments illustrated in FIG. 3 to FIG. 5 and FIG. 7 or the device 

embodiments illustrated in FIG. 8a, FIG. 8b, FIG. 9a, FIG. 9b may be also 

referred to for implementation of each operation. 

[0210] For example, in an embodiment, the processor 1001 may be configured to 

perform the methods described in operation 301, operation 302, operation 303 

and operation 304. For another example, the processor 1001 may also be 

configured to perform the methods performed by the first determining unit 802, 

the second determining unit 802, the detecting unit 803 and the training unit 804. 

[0211] It can be understood that other embodiments may also be referred to for the 

implementation of each operation, which is not elaborated herein. 

[0212] FIG. 11 is a schematic structural diagram of a device for detecting a line of 

sight provided in an embodiment of the disclosure. The device for detecting a 

line of sight may be configured to perform the method illustrated in FIG. 1 to 

FIG. 7. As illustrated in FIG. 11, the device for detecting a line of sight includes a 

face detecting unit 1101, a first determining unit 1102, a clipping unit 1103 and 

an inputting and outputting unit 1104. 

[0213] The face detecting unit 1101 is configured to perform face detection on a 

second image included in video stream data. 

[0214] The first determining unit 1102 is configured to determine positions of key 

points in a face area in the detected second image to determine eye areas in the 

face area. 

[0215] The clipping unit 1103 is configured to clip an eye-area image from the 
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second image. 

[0216] The inputting and outputting unit 1104 is configured to input the eye-area 

image into a neural network trained in advance and output a line-of-sight 

direction of the eye-area image. 

[0217] In some embodiments, as illustrated in FIG. 12, the device for detecting a 

line of sight further includes a second determining unit 1105. 

[0218] The second determining unit 1105 is configured to determine a line-of-sight 

direction of the second image according to the line-of-sight direction of the 

eye-area image and a line-of-sight direction of at least one adjacent frame of 

image in above the second image. 

[0219] In some embodiments, the face detecting unit 1101 is specifically configured 

to perform the face detection on the second image included in the video stream 

data in response to that a triggering instruction is received. 

[0220] Alternatively, the face detecting unit 1101 is specifically configured to, in 

response to that a vehicle is traveling, perform the face detection on the second 

image included in the video stream data. 

[0221] Alternatively, the face detecting unit 1101 is specifically configured to, in 

response to that a traveling speed of the vehicle reaches a reference speed, 

perform the face detection on the second image included in the video stream. 

[0222] In some embodiments, the video stream data is a video stream acquired by a 

vehicle-mounted camera for an driving area of the vehicle; and  

[0223] the line-of-sight direction of the eye-area image is a line-of-sight direction of 

a driver in the driving area of the vehicle. 

[0224] In some embodiments, as illustrated in FIG. 12, the device further includes a 

third determining unit 1106. 
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[0225] The third determining unit 1106 is configured to: determine an area 

interesting the driver according to the line-of-sight direction of the eye-area 

image; and determine a driving behavior of the driver according to the area 

interesting the driver. The driving behavior includes whether the driver is driving 

distractedly. 

[0226] In some embodiments, as illustrated in FIG. 12, the device further includes 

an outputting unit 1107. 

[0227] The outputting unit 1107 is configured to output early-warning prompt 

information in response to that the driver is driving distractedly. 

[0228] In some embodiments, the outputting unit 1107 is specifically configured to 

output the early-warning prompt information in response to that a number of 

times the driver is driving distractedly is less than a reference number of times; 

[0229] alternatively, the outputting unit 1107 is specifically configured to output the 

early-warning prompt information in response to that a length of time during 

which the driver is driving distractedly reaches a reference length of time; 

[0230] alternatively, the outputting unit 1107 is specifically configured to output the 

early-warning prompt information in response to the length of time during which 

the driver is driving distractedly reaches the reference length of time and the 

number of times the driver is driving distractedly reaches the reference number of 

times; 

[0231] alternatively, the outputting unit 1107 is specifically configured to transmit 

prompt information to a terminal connected to the vehicle in response to that the 

driver is driving distractedly. 

[0232] As illustrated in FIG. 12, the device further includes a storing unit 1108 or a 

transmitting unit 1109. 
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[0233] The storing unit 1108 is specifically configured to, in response to that the 

driver is driving distractedly, store one or more of: the eye-area image, and a 

preset number of frames of images before and after the eye-area image. 

[0234] The transmitting unit 1109 is configured to, in response to that the driver is 

driving distractedly, transmit, to the terminal connected to the vehicle, one or 

more of: the eye-area image, and a preset number of frames of images before and 

after the eye-area image. 

[0235] In some embodiments, as illustrated in FIG. 12, the device further includes a 

fourth determining unit 1110, a detecting unit 1111 and a training unit 1112. 

[0236] The fourth determining unit 1110 is configured to determine a first 

line-of-sight direction according to a first camera and a pupil in a first image. The 

first camera is a camera that captures the first image. The first image includes at 

least an eye image. 

[0237] The detecting unit 1111 is configured to detect a line-of-sight direction of the 

first image through a neural network to obtain a first detected line-of-sight 

direction. 

[0238] The training unit 1112 is configured to train the neural network according to 

the first line-of-sight direction and the first detected line-of-sight direction. 

[0239] It should be noted that in some embodiments, the foregoing texts and the 

relevant descriptions of the method embodiments illustrated by FIG. 1 to FIG. 7 

may be referred to for implementation of each unit and device embodiments' 

technical effects. 

[0240] It can be understood that the detailed implementations illustrated by FIG. 8a 

and FIG. 8b may be referred to for specific implementations of the fourth 

determining unit, the detecting unit and the training unit. 
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[0241] FIG. 13 is a schematic structural diagram of an electronic device provided in 

an embodiment the disclosure. As illustrated in FIG. 13, the electronic device 

includes a processor 1301, a memory 1302 and an I/O interface 1303 that are 

interconnected with each other through a bus. 

[0242] Data and/or signals may be inputted into the I/O interface 1303 and the I/O 

interface 1303 may output the data and/or the signal. 

[0243] The memory 1302 includes but is not limited to an RAM, an ROM, an 

EPROM, and a CD-ROM. The memory 1302 is configured to store relevant 

instructions and data. 

[0244] The processor 1301 may be one or more CPUs. When the processor 1301 is a 

CPU, it may be a single-core CPU or a multi-core CPU. 

[0245] In some embodiments, corresponding descriptions of the method 

embodiments illustrated in FIG. 1 to FIG. 7 or the method embodiments 

illustrated in FIG. 11 and FIG. 12 may be also referred to for implementation of 

each operation. 

[0246] For example, in an embodiment, the processor 1301 may be configured to 

perform the method shown by operations 101 to 104. For another example, the 

processor 1301 may be also configured to perform the method that is performed 

by the face detection unit 1101, the first determining unit 1102, the clipping unit 

1103 and the I/O unit 1104. It should be understood that each operation may be 

implemented with reference to other embodiments, which will not be elaborated 

herein. 

[0247] In some embodiments provided by the disclosure, it is to be understood that 

the disclosed system, device and method may be implemented in another manner. 

For example, the units are only divided according to logic functions, and may 

also be divided in other manner during practical implementation. For example, 
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multiple units or components may be combined or integrated into another system, 

or some characteristics may be omitted or not executed. In addition, displayed or 

discussed coupling or direct coupling or communication connection may be 

indirect coupling or communication connection between the devices or the units 

through some interfaces, and may be electrical and mechanical or in other forms. 

[0248] The units described as separate parts may or may not be physically separated, 

and parts displayed as units may or may not be physical units, that is, may be 

located in the same place, or may also be distributed across multiple network 

units. A part or all of the units may be selected to achieve the purpose of the 

solutions of the embodiments according to a practical requirement. 

[0249] It can be understood by those of ordinary skills in the art that a computer 

program may instruct relevant hardware to implement the whole or parts of the 

process of the method in the embodiments. The program is stored in a 

computer-readable storage medium. When the program is executed, it can include 

something such as a process of each of the method embodiments. The foregoing 

storage medium includes a medium capable of storing program codes such as an 

ROM, an RAM, a magnetic disk and an optical disk. 
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CLAIMS 

 

1. A method for training a neural network, comprising: 

determining first coordinates of a pupil reference point in a first image in a 

first camera coordinate system, and determining second coordinates of a cornea 

reference point in the first image in the first camera coordinate system, wherein 

the first image comprises at least an eye image; 

determining a first line-of-sight direction of the first image according to the 

first coordinates and the second coordinates; 

performing line-of-sight detection on the first image through the neural 

network to obtain a first detected line-of-sight direction; and 

training the neural network according to the first line-of-sight direction and 

the first detected line-of-sight direction. 

 

2. The method of claim 1, wherein training the neural network according to 

the first line-of-sight direction and the first detected line-of-sight direction 

comprises: 

adjusting one or more network parameters of the neural network according 

to a loss between the first line-of-sight direction and the first detected 

line-of-sight direction. 

 

3. The method of claim 1 or 2, further comprising: before training the neural 

network according to the first line-of-sight direction and the first detected 

line-of-sight direction, 

performing normalization processing respectively on the first line-of-sight 

direction and the first detected line-of-sight direction, 

wherein training the neural network according to the first line-of-sight 

direction and the first detected line-of-sight direction comprises: 

training the neural network according to the first line-of-sight direction 
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subjected to the normalization processing and the first detected line-of-sight 

direction subjected to the normalization processing. 

 

4. The method of any one of claims 1 to 3, wherein performing the 

line-of-sight detection on the first image through the neural network to obtain the 

first detected line-of-sight direction comprises: 

in response to that the first image is a video image, detecting a line-of-sight 

direction of each of N adjacent frames of images through the neural network, 

wherein N is an integer greater than 1; and 

determining, according to the line-of-sight directions of the N adjacent 

frames of images, a line-of-sight direction of an N-th frame of image as the first 

detected line-of-sight direction. 

 

5. The method of claim 4, wherein determining, according to the 

line-of-sight directions of the N adjacent frames of images, the line-of-sight 

direction of the N-th frame of image as the first detected line-of-sight direction 

comprises: 

determining, according to an average of the line-of-sight directions of the N 

adjacent frames of images, the line-of-sight direction of the N-th frame of image 

as the first detected line-of-sight direction. 

 

6. The method of any one of claims 1 to 5, wherein determining the first 

coordinates of the pupil reference point in the first image in the first camera 

coordinate system comprises: 

determining coordinates of the pupil reference point in a second camera 

coordinate system; and 

determining, according to a relationship between the first camera coordinate 

system and the second camera coordinate system and the coordinates of the pupil 

reference point in the first camera coordinate system, the first coordinates of the 
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pupil reference point in the first camera coordinate system. 

 

7. The method of claim 6, wherein determining the coordinates of the pupil 

reference point in the second camera coordinate system comprises: 

determining coordinates of the pupil reference point in the first image; and 

determining, according to the coordinates of the pupil reference point in the 

first image and a focal length and a principal point position of a second camera, 

the coordinates of the pupil reference point in the second camera system. 

 

8. The method of any one of claims 1 to 7, wherein determining the second 

coordinates of the cornea reference point in the first image in the first camera 

coordinate system comprises: 

determining coordinates of reflection points on the cornea in the first image 

in the second camera coordinate system, wherein the reflection points are 

positions where images of light sources are formed on the cornea; and 

determining, according to the relationship between the first camera 

coordinate system and the second camera coordinate system and the coordinates 

of the reflection points on the cornea in the second camera coordinate system, the 

second coordinates of the cornea reference point in the first camera coordinate 

system. 

 

9. The method of claim 8, wherein determining, according to the 

relationship between the first camera coordinate system and the second camera 

coordinate system and the coordinates of the reflection points on the cornea in the 

second camera coordinate system, the second coordinates of the cornea reference 

point in the first camera coordinate system comprises: 

determining coordinates of the light sources in the second camera coordinate 

system; and 

determining the second coordinates of the cornea reference point in the first 
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camera coordinate system according to the coordinates of the light sources in the 

second camera coordinate system, the relationship between the first camera 

coordinate system and the second camera coordinate system and the coordinates 

of the reflection points on the cornea in the second camera coordinate system. 

 

10. The method of claim 9, determining the second coordinates of the 

cornea reference point in the first camera coordinate system according to the 

coordinates of the light sources in the second camera coordinate system, the 

relationship between the first camera coordinate system and the second camera 

coordinate system and the coordinates of the reflection points on the cornea in the 

second camera coordinate system comprises: 

determining coordinates of Purkinje spots respectively corresponding to the 

light sources in the second camera coordinate system; and 

determining the second coordinates of the cornea reference point in the first 

camera coordinate system according to the coordinates of the Purkinje spots 

respectively corresponding to the light sources in the second camera coordinate 

system, the coordinates of the light sources in the second camera coordinate 

system, the relationship between the first camera coordinate system and the 

second camera coordinate system, and the coordinates of the reflection point on 

the cornea in the second camera coordinate system. 

 

11. The method of any one of claims 8 to 10, wherein determining the 

coordinates of the reflection points on the cornea in the first image in the second 

camera coordinate system comprises: 

determining coordinates of the reflection points in the first image; and 

determining coordinates of the reflection points in the second camera 

coordinate system according to the coordinates of the reflection points in the first 

image and a focal length and a principal point position of a second camera. 
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12. The method of any one of claims 9 to 11, wherein determining the 

coordinates of the light sources in the second camera coordinate system 

comprises: 

determining coordinates of the light sources in a world coordinate system; 

and 

determining the coordinates of the light sources in the second camera 

coordinate system according to a relationship between the world coordinate 

system and the second camera coordinate system. 

 

13. The method of any one of claims 8 to 12, wherein the light sources 

comprise infrared light sources or near-infrared light sources, the light sources 

comprise at least two light sources, and a number of the reflection points 

corresponds to a number of the light sources. 

 

14. A method for detecting a line of sight, comprising: 

performing face detection on a second image comprised in video stream 

data; 

determining positions of key points in a face area in a detected second image 

to determine eye areas in the face area;  

clipping an eye-area image from the second image; and 

inputting the eye-area image into a neural network trained in advance and 

outputting a line-of-sight direction of the eye-area image. 

 

15. The method of claim 14, further comprising: after inputting the eye-area 

image into the neural network trained in advance and outputting the line-of-sight 

direction of the eye-area image, 

determining a line-of-sight direction of the second image according to the 

line-of-sight direction of the eye-area image and a line-of-sight direction of at 

least one adjacent frame of image of the second image. 
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16. The method of claim 14 or 15, wherein performing the face detection on 

the second image comprised in the video stream data comprises: 

in response to that a triggering instruction is received, performing the face 

detection on the second image comprised in the video stream data; or 

in response to that a vehicle is traveling, performing the face detection on 

the second image comprised in the video stream data; or 

in response to that a traveling speed of the vehicle reaches a reference speed, 

performing the face detection on the second image comprised in the video stream 

data. 

 

17. The method of claim 16, wherein the video stream data is a video stream 

acquired by a vehicle-mounted camera for an driving area of the vehicle, and 

the line-of-sight direction of the eye-area image is a line-of-sight direction 

of a driver in the driving area of the vehicle. 

 

18. The method of claim 17, further comprising: after outputting the 

line-of-sight direction of the eye-area image, 

determining a region of interest (ROI) of the driver according to the 

line-of-sight direction of the eye-area image; and 

determining a driving behavior of the driver according to the ROI of the 

driver, wherein the driving behavior comprises whether the driver is driving 

distractedly. 

 

19. The method of claim 18, further comprising: 

in response to that the driver is driving distractedly, outputting 

early-warning prompt information. 

 

20. The method of claim 19, wherein outputting the early-warning prompt 
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information comprises: 

in response to that a number of times of distracted driving of the driver is 

less than a reference number of times, outputting the early-warning prompt 

information; or 

in response to that a length of time during which the driver is driving 

distractedly reaches a reference length of time, outputting the early-warning 

prompt information; or 

in response to the length of time during which the driver is driving 

distractedly reaches the reference length of time and the number of times of 

distracted driving of the driver reaches the reference number of times, outputting 

the early-warning prompt information; or 

in response to that the driver is driving distractedly, transmitting prompt 

information to a terminal connected to the vehicle. 

 

21. The method of claim 19 or 20, further comprising: 

in response to that the driver is driving distractedly, storing one or more of: 

the eye-area image, and a preset number of frames of images before and after the 

eye-area image; or 

in response to that the driver is driving distractedly, transmitting, to a 

terminal connected to the vehicle, one or more of: the eye-area image, and a 

preset number of frames of images before and after the eye-area image. 

 

22. The method of any one of claims 14 to 21, further comprising: before 

inputting the eye-area image into the neural network trained in advance and 

outputting the line-of-sight direction of the eye-area image, training the neural 

network using the method of any one of claims 1 to 13. 

 

23. A device for training a neural network, comprising: 

a first determining unit, configured to determine first coordinates of a pupil 
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reference point in a first image in a first camera coordinate system, and determine 

second coordinates of a cornea reference point in the first image in the first 

camera coordinate system, wherein the first image comprises at least an eye 

image; 

a second determining unit, configured to determine a first line-of-sight 

direction of the first image according to the first coordinates and the second 

coordinates; 

a detecting unit, configured to perform line-of-sight detection on the first 

image through the neural network to obtain a first detected line-of-sight direction; 

and 

a training unit, configured to train the neural network according to the first 

line-of-sight direction and the first detected line-of-sight direction. 

 

24. The device of claim 23, wherein the training unit is specifically 

configured to adjust one or more network parameters of the neural network 

according to a loss between the first line-of-sight direction and the first detected 

line-of-sight direction. 

 

25. The device of claim 23 or 24, further comprising: 

a normalization processing unit, configured to perform normalization 

processing respectively on the first line-of-sight direction and the first detected 

line-of-sight direction,  

wherein the training unit is specifically configured to train the neural 

network according to the first line-of-sight direction subjected to the 

normalization processing and the first detected line-of-sight direction subjected to 

the normalization processing. 

 

26. The device of any one of claims 23 to 25, wherein the detecting unit is 

specifically configured to: 
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in response to that the first image is a video image, detect a line-of-sight 

direction of each of N adjacent frames of images through the neural network, 

wherein N is an integer greater than 1; and 

determine, according to the line-of-sight directions of the N adjacent frames 

of images, a line-of-sight direction of an N-th frame of image as the first detected 

line-of-sight direction. 

 

27. The device of claim 26, wherein the detecting unit is specifically 

configured to determine, according to an average of the line-of-sight directions of 

the N adjacent frames of images, the line-of-sight direction of the N-th frame of 

image as the first detected line-of-sight direction. 

 

28. The device of any one of claims 25 to 27, wherein the first determining 

unit comprises: 

a first determining sub-unit, configured to determine coordinates of the 

pupil reference point in a second camera coordinate system; and 

a second determining sub-unit, configured to determine, according to a 

relationship between the first camera coordinate system and the second camera 

coordinate system and the coordinates of the pupil reference point in the first 

camera coordinate system, the first coordinates of the pupil reference point in the 

first camera coordinate system. 

 

29. The device of claim 28, wherein the first determining sub-unit is 

specifically configured to: determine coordinates of the pupil reference point in 

the first image; and determine, according to the coordinates of the pupil reference 

point in the first image and a focal length and a principal point position of a 

second camera, the coordinates of the pupil reference point in the second camera 

system. 
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30. The device of any one of claims 25 to 29, wherein the first determining 

unit comprises: 

a third determining sub-unit, configured to determine coordinates of 

reflection points on the cornea in the first image in the second camera coordinate 

system, wherein the reflection points are positions where images of light sources 

are formed on the cornea; and 

a fourth determining sub-unit, configured to determine, according to the 

relationship between the first camera coordinate system and the second camera 

coordinate system and the coordinates of the reflection points on the cornea in the 

second camera coordinate system, the second coordinates of the cornea reference 

point in the first camera coordinate system. 

 

31. The device of claim 30, wherein the fourth determining sub-unit is 

specifically configured to: determine coordinates of the light sources in the 

second camera coordinate system; and determine the second coordinates of the 

cornea reference point in the first camera coordinate system according to the 

coordinates of the light sources in the second camera coordinate system, the 

relationship between the first camera coordinate system and the second camera 

coordinate system and the coordinates of the reflection points on the cornea in the 

second camera coordinate system. 

 

32. The device of claim 31, wherein the fourth determining sub-unit is 

specifically configured to: determine coordinates of Purkinje spots respectively 

corresponding to the light sources in the second camera coordinate system; and 

determine the second coordinates of the cornea reference point in the first camera 

coordinate system according to the coordinates of the Purkinje spots respectively 

corresponding to the light sources in the second camera coordinate system, the 

coordinates of the light sources in the second camera coordinate system, the 

relationship between the first camera coordinate system and the second camera 
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coordinate system, and the coordinates of the reflection point on the cornea in the 

second camera coordinate system. 

 

33. The device of any one of claims 30 to 32, wherein the third determining 

sub-unit is specifically configured to:  

determine coordinates of the reflection points in the first image; and 

determine coordinates of the reflection points in the second camera 

coordinate system according to the coordinates of the reflection points in the first 

image and a focal length and a principal point position of a second camera. 

 

34. The device of any one of claims 31 to 33, wherein the fourth 

determining sub-unit is specifically configured to: determine coordinates of the 

light sources in a world coordinate system; and determine the coordinates of the 

light sources in the second camera coordinate system according to a relationship 

between the world coordinate system and the second camera coordinate system. 

 

35. The device of any one of claims 30 to 34, wherein the light sources 

comprise infrared light sources or near-infrared light sources, the light sources 

comprise at least two light sources, and a number of the reflection points 

corresponds to a number of the light sources. 

 

36. A device for detecting a line of sight, comprising: 

a face detecting unit, configured to perform face detection on a second 

image comprised in video stream data; 

a first determining unit, configured to determine positions of key points in a 

face area in the detected second image to determine eye areas in the face area;  

a clipping unit, configured to clip an eye-area image from the second image; 

and 

an inputting and outputting unit, configured to input the eye-area image into 
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a neural network trained in advance and output a line-of-sight direction of the 

eye-area image. 

 

37. The device of claim 36, further comprising: 

a second determining unit, configured to determine a line-of-sight direction 

of the second image according to the line-of-sight direction of the eye-area image 

and a line-of-sight direction of at least one adjacent frame of image of the second 

image. 

 

38. The device of claim 36 or 37, wherein 

the face detecting unit is specifically configured to, in response to that a 

triggering instruction is received, perform the face detection on the second image 

comprised in the video stream data; or 

the face detecting unit is specifically configured to, in response to that a 

vehicle is traveling, perform the face detection on the second image comprised in 

the video stream data; or 

the face detecting unit is specifically configured to, in response to that a 

traveling speed of the vehicle reaches a reference speed, perform the face 

detection on the second image comprised in the video stream data. 

 

39. The device of claim 38, wherein the video stream data is a video stream 

acquired by a vehicle-mounted camera for an driving area of the vehicle, and 

the line-of-sight direction of the eye-area image is a line-of-sight direction 

of a driver in the driving area of the vehicle. 

 

40. The device of claim 39, further comprising: 

a third determining unit, configured to: determine a region of interest (ROI) 

of the driver according to the line-of-sight direction of the eye-area image; and 

determine a driving behavior of the driver according to the ROI of the driver, 
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wherein the driving behavior comprises whether the driver is driving distractedly. 

 

41. The device of claim 40, further comprising: 

an outputting unit, configured to, in response to that the driver is driving 

distractedly, output early-warning prompt information. 

 

42. The device of claim 41, wherein, 

the outputting unit is specifically configured to, in response to that a number 

of times of distracted driving of the driver is less than a reference number of 

times, output the early-warning prompt information; or 

the outputting unit is specifically configured to, in response to that a length 

of time during which the driver is driving distractedly reaches a reference length 

of time, output the early-warning prompt information; or 

the outputting unit is specifically configured to, in response to the length of 

time during which the driver is driving distractedly reaches the reference length 

of time and the number of times of distracted driving of the driver reaches the 

reference number of times, output the early-warning prompt information; or 

the outputting unit is specifically configured to, in response to that the driver 

is driving distractedly, transmit prompt information to a terminal connected to the 

vehicle. 

 

43. The device of claims 41 or 42, further comprising: 

a storing unit, specifically configured to, in response to that the driver is 

driving distractedly, store one or more of: the eye-area image, and a preset 

number of frames of images before and after the eye-area image; or 

an outputting unit, specifically configured to, in response to that the driver is 

driving distractedly, transmit, to a terminal connected to the vehicle, one or more 

of: the eye-area image, and a preset number of frames of images before and after 

the eye-area image. 
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44. The device of any one of claims 36 to 43, further comprising: 

a fourth determining unit, configured to determine first coordinates of a 

pupil reference point in a first image in a first camera coordinate system, and 

determine second coordinates of a cornea reference point in the first image in the 

first camera coordinate system, wherein the first image comprises at least an eye 

image, 

wherein the further determining unit is further determine a first line-of-sight 

direction of the first image according to the first coordinates and the second 

coordinates; 

a detecting unit, configured to perform line-of-sight detection on the first 

image through the neural network to obtain a first detected line-of-sight direction; 

and 

a training unit, configured to train the neural network according to the first 

line-of-sight direction and the first detected line-of-sight direction. 

 

45. An electronic device, comprising a processor and a memory 

interconnected with each other by a line, wherein the memory is configured to 

store program instructions that, when executed by the processor, cause the 

processor to perform the method of any one of claims 1 to 13. 

 

46. An electronic device, comprising a processor and a memory 

interconnected with each other by a line, wherein the memory is configured to 

store program instructions that, when executed by the processor, cause the 

processor to perform the method of any one of claims 14 to 22. 

 

47. A computer-readable storage medium having stored thereon program 

instructions that, when executed by a processor, cause the processor to perform 

the method of any one of claims 1 to 13 and/or the method of any one of claims 
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14 to 22. 


