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F 1 RREPEARETETFLIB e A K B AR HRZE (1200%1200 MIA%HT 1600x1600 M%)
Table 1.  Wavelengths and relative errors of pinned spiral waves at different radius (under 1200x1200 grids and 1600x 1600

grids).
Pt 3 4 5 6 7 8 9 10
1200 x 1200 /4% T Y1 5.031 5.552 6.055 6.575 7.602 8.275 8.871 9.451
1600 x 160045 T Ay I K 5.041 5.582 6.071 6.602 7.633 8.345 8.912 9.502
AR 22 0.0020 0.0054 0.0026 0.0041 0.0041 0.0081 0.0046 0.0047
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Fig. 2. Compared with Ref. [11], the period of the pinned

spiral wave varies with the radius of the circular obstacle.
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Fig. 3. Values of u and v at the point (4, 20): (a) Relationship between u and the time step ¢; (b) phase diagram of u and w.
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Fig. 4. Suppression of a pinned spiral wave under a circular obstacle by feedback control approach.
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Fig. 6. Suppression of a pinned spiral wave under a square obstacle by feedback control approach.
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Abstract

Spiral waves are common in nature and have received a lot of attention. Spiral wave is the source of
ventricular tachycardia and fibrillation, and pinned spiral wave is less likely to be eliminated than free spiral
wave. Therefore, it is important to find an effective method to control the pinned spiral wave. In this work, we
investigate the feedback control approach to eliminating pinned spiral wave based on the lattice Boltzmann
method, by using the FitzHugh-Nagumo model as an object. The numerical results show that the feedback
control method has a good control effect on the pinned spiral wave no matter whether it is pinned on a circular
or rectangular obstacle. In addition, the excitability coefficient, amplitude of feedback control, recording
feedback signal time and obstacle size are systematically investigated by numerical simulation. The study shows
that there are three cases of pinned spiral wave cancellation. Firstly, the amplitude of feedback control and
excitability coefficient are related to the time required to eliminate the pinned spiral wave, and the larger the
amplitude of feedback control signal or the smaller the excitability coefficient, the faster the cancellation of the
pinned spiral waveis. Secondly, the size of the obstacle and the excitability coefficient affect the time interval
between the time of recording the feedback signal and the time of adding the feedback control that can
successfully control the pinned spiral wave. Finally, the recorded feedback signal time affects the minimum
amplitude of feedback control required to successfully eliminate the pinned spiral wave, while the added
feedback control time is constant. According to the discussion in this paper, it can be seen that the feedback

control method has a good control effect on the pinned spiral wave.

Keywords: feedback control approach, pinned spiral waves, FitzHugh-Nagumo model, lattice Boltzmann
method
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