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Abstract. We present and study a time domain linear sampling method as an algorithm
to solve the inverse scattering problem of reconstructing an obstacle with Robin or Neumann
boundary condition from time-dependent near-field measurements of scattered waves. Our
algorithm is an improved version of the one introduced in [1] to solve a similar inverse scattering
problem for obstacles with Dirichlet boundary conditions. This algorithm is a direct imaging
technique able to provide geometric information on the obstacle from indicated measurements
in a rather direct way. The main components of the method are the near-field operator, a
linear integral operator that takes the measured data as integral (and convolution) kernel, and
special test functions that are constructed via singular solutions to the wave equation. Using
these ingredients, the method examines whether a point belongs to the obstacle by checking
whether these test functions belong to the range of the measurement operator. Plotting the
reciprocal of the norm of the corresponding pre-image yields a picture of the scattering object.

Apart from the analysis of a different scattering problem, we propose in the present work
an improvement of the method originally introduced in [1] on both theoretical and numerical
levels. More precisely, we shall analyse the method for incident waves generated by pulses that
have bounded frequency spectrum. Furthermore, adapting the function space setting to this
type of data allows us to provide a simpler analysis. On the numerical side, we shall present
a fast implementation of the inversion algorithm that relies on a FFT-based evaluation of the
near-field operator. We also show, by mixing the use of monopoles and dipoles as test functions,
the possibility of simultaneously reconstructing Dirichlet, Neumann and Robin obstacles.
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