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ABSTRACT. We study the inverse problem to reconstruct
the shape of a three dimensional sound-soft obstacle from mea-
surements of scattered acoustic waves. To solve the forward
problem we use a wavelet based boundary element method and
prove fourth order accuracy both for the evaluation of the for-
ward solution operator and its Fréchet derivative. Moreover,
we discuss the characterization and implementation of the ad-
joint of the Fréchet derivative. For the solution of the inverse
problem we use a regularized Newton method. The bound-
aries are represented by a class of parametrizations, which
include non star-shaped domains and which are not uniquely
determined by the obstacle. To prevent degeneration of the
parametrizations during the Newton iteration, we introduce
an additional penalty term. Numerical examples illustrate
the performance of our method.

1. Introduction. It is well known that the propagation of an acous-
tic wave in a homogeneous, isotropic and inviscid fluid is approximately
described by a velocity potential U(x,t) satisfying the wave equation
Uy = c?AU. Here, c denotes the speed of sound, v = Uy is the velocity
field and p = —U; is the pressure. For more details on the physical
background, we refer the reader to the monograph [5]. If U is time
harmonic, that is, U(x,t) = Re (u(x)e~*?), w > 0, in complex nota-
tion, then the complex valued space-dependent function u satisfies the
Helmholtz equation

(1.1) Au+ rx*u=0in R3\ Q.

Here, Q C R? describes an obstacle and x = w/c is the wave number.
We assume that  is bounded, that R?\ 2 is simply connected and that
the boundary I' = 912 is smooth. For sound-soft obstacles the pressure
p vanishes on I', which leads to the Dirichlet boundary condition

(1.2) u=0onT.
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