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Frequency domain fractional subspace identification of PEMFC model
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Abstract: In this paper, a frequency domain fractional subspace identification method is proposed to establish PEM-
FC’s fractional order state space (FOSS) model for the fractional order characteristics of proton exchange membrane fuel
cell (PEMFC) system in power generation. Considering the computational complexity of fractional order differential in
time domain, the fractional order differential is transformed into product form in frequency domain. Firstly, the random
multi-frequency sinusoidal excitation signal is adopted to obtain the input and output frequency response data. Secondly,
the frequency response data is employed to construct real and imaginary part matrix. Then, RQ decomposition, SVD de-
composition and least square method are used to calculate system coefficient matrix A, B, C, D. Because the parameters of
the same element fractional order «, auxiliary order q and frequency domain sampling points M are unknown, a GA-PSO
algorithm is employed to optimize them, in which the selection, crossover and mutation operations of GA is added to PSO
process to further improve the self-adaptive search direction of individuals and enhance the ability of global optimization.
The simulation results verified the effectiveness of the algorithm. The output of frequency-domain fractional subspace iden-
tification can follow the measured data more closely, and the optimized identification results have smaller error and higher
accuracy, which can more accurately describe the electrical characteristics of PEMFC.
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