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Dynamic Trajectory Based Implicit Calibration Method for Eye Tracking
CHENG Shi-wei QI Wen-jie
(School of Computer Science and Technology,Zhejiang University of Technology, Hangzhou 310023, China)

Abstract Aiming at the limitations of the existing multi-point calibration schemes, such as time-consuming and poor
gaze accuracy of simplified calibration schemes, this paper proposed an implicit calibration method for eye tracking,
which makes the eye tracking system only need a few samples to establish an accurate mapping relationship. The me-
thod has three steps. Firstly,it collects calibration data. With user’s gaze following the dynamic trajectory.it records the
mapping points between the image of user’s eyes and the calibration points in this process. Then,a rationalized outlier
removal method is proposed to automatically eliminate the sample noise and select the best point pair to establish a map-
ping model. The acquisition of eye movement data is delayed.which can reduce the error caused by the dynamic traje-
ctory. Furthermore, when the noise data of the sample are removed,a method for eliminating the pupil error data is pro-
posed,and the sample data are further filtered by Random Sample Consensus (RANSAC) algorithm. Finally, the two
methods of calibration-free and single-point calibration are combined to simplify the subsequence implicit calibration
process. Experiment results show that the average calibration time is 8s,and the average accuracy is 2. 0° of visual angle
when visual distance is 60 cm. In the simplified implicit calibration prototype system,for the user who is calibrated,the
coordinates of the fixation are obtained by the calibration-free method. The average calibration time is 2 s,and the ave-
rage calibration accuracy is 2. 47° of visual angle. For the new user who performs eye tracking, the individual difference
compensation model is calculated by the single point calibration method to obtain the coordinates of the fixation. The ave-
rage calibration time is 3 s,and the average calibration accuracy is 2. 49° of visual angle, which further improves the
practicality of the implicit calibration method.

Keywords Eye tracking,Implicit calibration,Calibration free.Fixation. Human-computer interaction
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Fig. 1 Process framework of implicit calibration
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Fig. 2 Selected calibration point
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Fig. 3 Selected dynamic trajectory of implicit calibration
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Table 6 Accuracy of prototype system of implicit calibration(visual distance is 60 cm)
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Table 7 Effect of calibration icons and three tracks on accuracy
(visual distance is 60 cm)
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Table 8 Effect of trajectory speed on accuracy
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Table 9 Effect of delayed acquisition of eye parameters on accuracy

when trajectory velocity is fixed
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Table 10  Effect of mapping point pairs on accuracy

BAT A HE/A E AT E /pixel  EAME/ )
9 88 2.07
16 97 2.25
30 94 2.15

AR SCHR E R GE R R FR 4> A0 1K 8 B . W AN 48 % 3k R4
AP IR B E E MR AR 2R b G vl MR R A5 Sk Tl A T A0 TR
Jib G I R L DA O R S B M A 0 BB R . o iR
1S B TR & A TRAL , H 5 J7 170 747 DR 30 458 4
KRG . f5E RGEH AT MFCH OpenCV I % . 1% &
G511 LURE R 8845 Sk A 37 5 A5 Sk SR 4R 30 1) 0408 1% B 22 oL Il
SR AT AL T, AL B BS 9 17 6700, WAFE A 8 GB. 52 B 4% ik
) SF- 35 5 N 30 fps.

B8 MRS & AT LE R
Fig. 8 Hardware of eye tracking system
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Table 11  Comparison of this method with other eye tracking methods
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