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102

Face detection is performed on a second image included in 
video stream data

101

Positions of key points in a face area in a detected second 
image are determined to determine eye areas in the face area

An eye-area image is clipped from the second image

103

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

104

 

FIG. 1 
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302

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, herein the image includes at 
least an eye image

301

A first line-of-sight direction of the first image is determined 
according to the first coordinates and the second coordinates

Line-of-sight detection is performed on the first image through 
the neural network to obtain a first detected line-of-sight 

direction

303

The neural network is trained according to the first line-of-sight 
direction and the first detected line-of-sight direction

304

 

FIG. 3 
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402

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, herein the second camera coordinate system is a coordinate 
system corresponding to the second camera

401

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

 

FIG. 4 

502

Coordinates of light sources in a second camera coordinate system are 
determined

501

Coordinates of reflection points on the cornea in the first image in the second 
camera coordinate system are determined, herein the reflection points are 

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

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  

FIG. 5 
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FIG. 6c 
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702

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

701

3D coordinates of infrared light sources in a camera 
coordinate system are calculated

3D coordinates of a pupil reference point in a human eye 
in the camera coordinate system are calculated

703

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

704

705
3D coordinates of a cornea reference point in the camera 
coordinate system are calculated using a cornea model

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

706

A deep neural network used for detecting a 3D line of 
sight of the human eye is trained using acquired data

707
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