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A Method of Estimating Gaze Point from
Eye Convergence Measured with an Inside-Out Camera

YuTto GoTtof! and HIRONOBU FuJryosHi’!

This paper proposes a method of estimating gaze point from eye conver-
gence measured with an inside-out camera. The inside-out camera is capable
of imaging the human eye and the visual field with no parallax. The conven-
tional method of using an inside-out camera to measure the gaze point involves
distance estimation by stereoscopic matching of visual field images. However,
the range in which it is possible to measure the gaze point depends on the
view angle of the camera. For that reason, the work reported here focused on
the divergence that occurs as the gaze target moves in the depth direction and
the result is a proposed method of estimating gaze point distance from eye im-
ages. First, the proposed method applies regression analysis to determine the
correspondence of gaze point distance to eye parameters. The transformation
matrix obtained by regression analysis is then used to estimate the distance
to the gaze point from the unknown eye parameter input. The effectiveness of

the proposed method is confirmed through evaluation experiments that demon-
strated the feasibility of estimating gaze point distance within a range of about
73 degrees .
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Fig.1 Comparison of conventional camera and Inside-Out camera
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Fig.3 Estimation of 3D position of the gaze points
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Fig.4 The point that is impossible to estimate by stereo matching
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Fig.5 Pupil for Images for distance of gaze point
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Fig.6 Pupil image for direction of gaze point
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Fig.7 Parameters of eyeball by image processing
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Fig.8 Land mark schematic
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Fig.9 Estimation results for each distance of gaze point
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Fig. 10 Estimation results for angle of gaze point
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Fig.11 Mean error of the distance of all the subjects
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Fig.12 Mean error of the view angle of all the subjects
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Fig. 13 An exsample of gaze point estimation
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