An Advanced Real-Time Binocular Eye Tracking System Using a High Frame-Rate Digital Camera
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Summary

We developed a new binocular eye tracking system by adopting a USB-3.0 digital camera that provides high sensitivity, resolution and frame rate. The system is non-invasive and inexpensive and can be used for monkeys and humans. Infrared light
illuminates two eyes and the reflected image of the iris and the black image of the pupil of each eye are captured by the camera. The center of the pupil is calculated and tracked over time. The system was originally developed to measure movements of one
eye. In the present study, we have improved it for binocular eye movements by adopting a new wide-field, hi-resolution, and hi-frame-rate camera. Since the camera has a 2048x2048 pixels resolution, we can capture the images of both eyes
simultaneously and calculate positions of the two eyes at each frame. The eye position data can be read out on line via computer network. The adoption of the WINDOWS 7/8/8.1 x 64 as the operation system makes this binocular eye tracking system user-
friendly. Because of the high frame rate of the digital camera, the sampling rate of the system can be as high as 700Hz. By using this system, we succeeded in characterizing vergence eye movements of humans when ocular fixation shifts between two
targets placed at different distances in the 3-D space.

Supported by KAKENHI (24650105).

Result 1

Gaze angles and position calculated by the data measured from the synthetic eyes. Left and right horizontal angle mean errors are
-0.037, -0.084 [deg]. Their standard deviations are 0.036,0.030 [deg]. Maximum error was 15.1mm at depth 687.1mm, after applied a
10 points (20ms) moving average filter, maximum error decreased.
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We calculated the horizontal/vertical gaze angle of each eye by processing its video-image. The origin was set on the center of eyes. XZ plot YZ plot
The horizontal gaze angle of the left eye (HL) and that of the right eye (HR) were calculated by the our software. “HL” is positive and 5- 5-
“HR” is negative in the figure. C corresponds to the inter-ocular distance, ~60mm, though differences can be detected among . .
individuals. According to the law of sines, the target position of the gaze in X-Z plane can be described as follows. . .

theoretical depth[mm] [mean error [mm] maximum error| [mm] |maximum error applied mav [mm]
1718.7 52.2 131.3 75.1
1145.7 29.9 60.5 39.2
859.1 12.9 28.9 19.6
687.1 1.7 15.1 6.3
572.4 8.0 16.5 115
490.5 1.4 6.9 3.2
429.0 1.3 5.7 3.1
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Then we calculated the vertical position. The vertical gaze angle of the left eye (VL) and that of the right eye < '20
(VR) were calculated by the our software. We used average of them. O%% 2 ///1500
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vertical Y
gaze position VL T VR
y = ztan( )
y 2 Result 2
Gaze positions of a subject applied a 10 points (20ms) moving average filter.
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Experiment 1
20

We evaluated system accuracy by using the synthetic eyes. We set left and right eyes horizontal

angle {1, -1}, {1.5, -1.5}, {2.0, -2.0}, {2.5, -2.5}, {3.0, -3.0}, {3.5, -3.5}, {4.0, -4.0}, {5.0, -5.0}, {6.0, -6.0},
{8.0, -8.0}, {10.0, 10.0} [deg], vertical angle O [deg]. We measured left and right eyes’ gaze angles

right eye left eye  right eye

and positions for 1 second at each setting.
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Experiment 2

We measured gaze positions in 3-D space, sampling frequency was 500Hz.
The subject moved his gaze 5 ways.
The center to left, left to center
The center to up-left, up-left to center
The center to up, and up to center.
The center to up-right, up-right to center
The center to right, right to center
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Conclusion

By using the data measured from the synthetic eyes, we found that the system can measure the eye movement within 0.2 [deg]

]
700

A center to up-right
®m up-left to center

=+ up-right to center

Depth [mm]

® center to up

400 -
* up to center

300 -

200 -

®m up-left to center
+ up-right to center
® center to left

* left to center

* center to right

* right to center

i i
-150 -100

I
-50

] I ] I
0 50 100 150

Horizontal [mm]

accuracy (3sDs). The range of the accuracy is less than 15.1mm at 687mm from the subject and less than 2.8mm at 343mm.
By using this system, we succeeded in characterizing vergence eye movements of humans when ocular fixation shifts between
two targets placed at different distances in 3—D space.




