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Abstract: Aiming at the problem of massive computation and complexity in establishing a three-
dimensional sino-atrial node (SAN) electrophysiological model, an effective solution is put
forward. First, an irregular three-dimensional model is established by modeling software and
tetrahedral elements. Then the electrophysiological model is developed depending on the grid
properties of SAN or atrial cell. The operator splitting method and the finite volume method are
used to solve the reaction-diffusion equation and the differential equation respectively. At the
same time, the program is accelerated in the compute unified device architecture (CUDA)
programming environment by taking advantage of graphic process unit (GPU). In addition, the
program is optimized in such aspects like the data exchange frequency between CPU and GPU,
and the methods of parameter storage. The results show that both the single cellular action

potential and the conduction of membrane potential are in good agreement with the normal
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electrophysiological properties. Compared with the serial program and the shared-memory type
OpenMP program developed on 4 CPU cores with 8 threads, the CUDA program on GPU can

reduce the running time by over 90 % with 3% data exchange time of the total time consumption.

The larger the tissue model or the finer the grid, the more significant the GPU acceleration will be.
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