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Fast WSLD design algorithm for digital FIR fractional differentiator
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Abstract: The calculation of Grinwald-Letnikov's(G-L) weighted coefficient of first—order
approximation has an accurate and fast recursive formula, while the calculation of Lubich's weighted
coefficient of high—order approximation has a high complexity and a long calculation time. The
approximation order of Lubich operator is proved by Fourier transform, and a class of Weighted Shifted
Lubich Difference(WSLD) operators of fourth order approximation is proposed based on shifted Lubich
operators. Then, the filtering characteristics of WSLD operator are analyzed from the perspective of
digital signal processing, and a fractional digital Finite Impulse Response(FIR) differential filter based
on WSLD operator is designed and verified by numerical simulation. Compared with Al-Alaoui and
Lubich, the results show that the algorithm using WSLD operator to solve the filter coefficient of
fractional digital FIR filter is simple and efficient, and can effectively reduce the influence of Gibbs
effect compared with other operators.
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Fig.1 Schematic diagram of fractional differential system
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Table3 Mean error energy of different operators

mean error energy of amplitude response mean error energy of phase response
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Fig.3 The frequency—domain characteristic diagram of Al-Alaoui, WSLD and Lubich operator fractional FIR differentiators
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Fig.5 Fractional differential results of square wave signal
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Fig.7 Gaussian random signal spectrogram after fractional differential operation
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Table4 The average elapsed time of the operation
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N=10000 3.89x10" 4.05%10" 4.10x1073 6.07x10°
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