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An SSPE Technique with Impedance Boundary Conditions for
Enhanced Stability and Accelerated Computations
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Abstract

To improve the stability of Discrete Mixed Fourier Transform(DMFT) Split-Step Parabolic Equation(SSPE), commonly used
for modeling long-range electromagnetic propagation, a symmetric difference scheme is introduced for the differential equations
representing Impedance Boundary Conditions(IBCs). Utilizing the edge points of given IBCs to generate the coefficients of the
general solution simplifies the conventional method, which requires summation of all samples along the height direction. By
deducing new update equations for the coefficients of the general solution in the range direction, the proposed SSPE offers
improved computational stability compared to the conventional method. The methodology presented in this work yields
numerical results comparable to the conventional DMFT SSPE, while offering a simpler and more effective approach for the
formulation of general solution coefficients. Additionally, a numerical algorithm is proposed that implements the DMFT using
the FFT to accelerate computational speed. The DMFT and its corresponding inverse transform are formulated using discrete
sine and cosine transforms, which can be implemented through the FFT. A comparison with results obtained using FFTW
and cuFFT shows that the cuFFT-based DMFT SSPE is 2 to 3 times faster in terms of computation time.
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