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A two-level pupil location method relying on 3D eyeball model

XIA Xiaobao, LI Bin

(Department of Electronic Science and Technology, University of Science and Technology of China, Hefei 230027, China)

Abstract: As a key part of the head-mounted eye tracking system, pupil detection not only affects system
accuracy, but also system stability. However, the problem of eyelid occlusions arises when eyeball moves.
To solve this problem, a Two-Level pupil detection method was proposed. The first level utilizes the
improved starburst method to extract pupil edge points and then check whether the pupil is shaded by
eyelid. If it’s not the case, pupil detection ends, otherwise the second level detection is conducted. In the
second level detection, improved ellipse template matching method is applied. Unlike other ellipse
matching methods, this method is based on a 3D eyeball model. With eyeball parameters, this method
estimates ellipse minor-major axis rate and angle of rotation in advance, and then decreases the spatial
complexity from five dimensions to three, thus improving matching efficiency. With our method, the pupil
can be easily rapidly detected under eyelid occlusions.

Key words: match of ellipse template; 3D eyeball model; pupil edge; eyelid occlusions detection; ellipse fit
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Fig. 1 Image-forming principle of pupil
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Fig.2 Analysis of cropped pupil area
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Fig.3 Histogram of eye image
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Tab.1 Comparison of pupil center with different method
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