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Simulation of Time—Domain Acoustic Wave Signals
Backscattered from Underwater Targets
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In this study, a numerical method for a time—domain acoustic wave backscattering analysis is established based
on a physical optics and a Fourier transform, The frequency responses of underwater targets are calculated based
on physical optics derived from the Kirchhoff—Helmholtz integral equation by applying Kirchhoff approximation and
the time~domain signals are simulated taking inverse fast Fourier transform to the obtained frequency responses.
Particularly, the adaptive triangular beam method is introduced to calculate the areas impinged directly by acoustic
incident wave and the virtual surface concept is adopted to consider the multiple reflection effect, The numerical
analysis result for an acoustic plane wave field incident normally upon a square flat plate is coincident with the
result by the analytic time—domain physical optics derived theoretically from a conventional physical optics, The
numerical simulation result for a hemi—spherical end—capped cylinder model is compared with the measurement result,
so that it is recognized that the presented method is valid when the specular reflection effect is predominant, but,
for small targets, gives errors due to higher order scattering components, The numerical analysis of an idealized
submarine shows that the established method is effectively applicable to large and complex—shaped underwater
targets,
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Fig. 6. Comparison of acoustic signals backscattered from
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-PO) and the analytic time-domain physical optics
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