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Abstract

Neural network based on data-driven has been widely applied and made extensive progress in the identification of
dynamical systems, especially for stochastic differential equation. Due to the need for a large amount of trajectory data
as training sets, sampling strategies and training energy consumption remain challenging issues as the dataset and
network complexity increase. This paper proposes a stochastic dynamical system identification framework to overcome
the problems of data overload and high energy consumption. The framework consists of a residual-based multi-peak
sampling (RBMS) algorithm and Hybrid Spiking Neural Networks (HSNNs) model. The RBMS algorithm is a fully
adaptive algorithm, which employs the moment information of small samples to obtain the governing equation of the
system without selection of hyperparameters. The HSNNs utilizes the pulse frequency of neurons for encoding,
resulting in a sparse structure of the neural networks and reduction of training energy consumption.

The Rayleigh van der Pol system subjected to parametric excitation is used as a case study. The results show that the
framework proposed in this paper requires only 20~30% size of the uniform grid sampling to obtain an accurate surrogate
model, which is robust in the presence of initial value perturbations. Moreover, the P-bifurcation behavior of the surrogate
model is accurately predicted with RMS error less than 1.59 x 102, Finally, the low energy efficiency of the proposed
framework was verified by defining energy consumption indicators.
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