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A Design of Brain-Computer Interface System for Steady-State Visual
Evoked Potential Integrating Eye Movement Tracking and
Target Dynamical Adjustment
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(School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In the application of visual brain-computer interface (BCI), a BCI system based on eye
movement tracking and dynamic adjustment of visual targets is designed to solve the problems
that the visual response is weak when the number of stimulate targets is large and the area is
small, and it is difficult for the subjects to focus on specific targets of the same size when they are
tired. The system uses TCP/IP transmission protocol to realize the synchronous acquisition of
eye movement signals and electroencephalogram (EEG) signals, and presents the eye tracking

results in the form of visual feedback on the stimulation display interface in real time. It has the
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role in controlling the size of the desired target, and promoting the subjects to focus their
attention on the desired target efficiently. The system combines the advantages of fast and
efficient eye movement tracking and steady-state visual evoked potential BCI with stable EEG
spectrum and high signal-to-noise ratio. The rapid regulation of eye tracking feedback stimulates
the target to enlarge and attracts the attention of subjects, so as to evoke higher EEG response
and improve the recognition accuracy. An experiment is carried out with dynamically variable of
non-eye movement feedback stimulation targets and invariable of non-eye movement feedback
stimulation targets as a comparison group. The results show that the BCI system with eye
movement tracking feedback and dynamic adjustment of visual targets achieves more than 80%
recognition accuracy and much higher EEG response amplitude in a short time window length
than the system without eye tracking feedback and the system with the constant target size. In
the 3 s time window length, the average recognition accuracy and EEG response amplitude of the
BCI system with eye tracking based dynamic adjustment of visual targets are 92. 97% and 1. 824
¢V, respectively, which are higher than 88.39% and 1.379 .V of the BCI system without eye
tracking feedback respectively, and higher than 79. 48% and 0. 987 1V of the BCI system with the
constant target size respectively. These results indicate that the proposed BCI system with eye

movement tracking based dynamic adjustment of visual targets has a better recognition effect,

Eird i 55 4

higher EEG response and better performance.

Keywords: steady-state visual evoked potential; eye tracking; brain-computer interface;

visual feedback; dynamic adjustment
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Fig. 4 Position setting and calibration of the eye tracker
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A1 T1.C1.C2af 1.5 s B % K& T % B AR 2 5] B 4 &
Table 1 Table of recognition accuracies of T1,C1 and C2 groups in 1.5 s time window length
WHIE# R/ %

B

ik T1 C1 C2

# 8.6 Hz 10 Hz 12 Hz 15 Hz 8.6 Hz 10 Hz 12 Hz 15 Hz 8.6 Hz 10 Hz 12 Hz 15 Hz

S1 90.00  100.00  95.00 80. 00 90. 00 90.00  100.00  70.00 76. 00 88. 00 64. 00 60. 00

S2 100. 00 100.00 100.00  90.00 95. 00 95.00 100.00  80.00 95.00 85. 00 85. 00 80. 00

S3 80. 00 90. 00 100. 00  90.48 50. 00 65. 00 85. 00 85. 00 45. 00 60. 00 70. 00 55.00

S4 93.33 80. 00 86. 67 73.33 80. 00 80. 00 83. 33 73.33 66. 67 73.33 80. 00 36. 67

S5 53.33 56. 67 43.33 40. 00 60. 00 56. 67 40. 00 23.33 40. 00 53.33 13.33 16. 67

S6 100. 00 85. 00 100. 00  70.00 95. 00 90. 00 95. 00 70. 00 85.00 75.00 95. 00 65. 00
ey 86.11 85.28 87.5 73.97 77.22 79. 45 83. 06 66. 94 67.95 72.44 67.89 52.22
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