101
Face detection is performed on a second image included in

video stream data

Y

102
Positions of key points in a face area in a detected second

image are determined to determine eye areas in the face area

¢ 103

An eye-area image is clipped from the second image

v

The eye-area image is inputted into a neural network trained | 104
in advance and a line-of-sight direction of the eye-area image
is outputted

FIG. 1

s &9 3 & gt
PR G I e

37 38 = 43 “"‘
>y - 27 L :
iy - L4}
. o 41 _aoe™ o’ ¥ "" ¢

.
-?E

ol 0 .33'5.:“
' 2 o
o J}iﬁ" d .fi“

g
-?":‘.5? o

FIG. 2a

1/8



4t ¢° @0 o3 g5

.1 "*1 -?? '75
.I” 38 M, 3
¢ .41 00’ o’ t”:” .”“E' o
&5
. & >
‘T .?ﬂ i "L-S
. .u ?wﬁ"
. &2 o’
.s*ﬁfﬂ > i ¢ g
v it o2
-?'*’.5’-?"*
= ol
. e
™~ o o’
FIG. 2b

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

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

Y

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

Y

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

FIG. 3
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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

Y

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

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

Y

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

v

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

FIG. 6a
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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

Y

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

v

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

v

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

v

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

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

FIG. 7
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