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Abstract. In this paper, a reconstruction problem of the spatial dependent
acoustic source from multiple frequency data is discussed. Suppose that the
source function is supported on a bounded domain and the piecewise constant
intensities of the source are known on the support. We characterize unknown
domain by the level set technique. And the level set function can be modeled
by a Hamilton-Jacobi system. We use the ensemble Kalman filter approach to
analyze the system state. This method can avoid to deal with the nonlinearity
directly and reduce the computation complexity. In addition, the algorithm can
achieve the stable state quickly with the Hamilton-Jacobi system. From some
numerical examples, we show these advantages and verify the feasibility and
effectiveness.
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1 Introduction

The unknown source problems occur widely in many real applications, e.g., re-
mote sensing, radar detection [16], brain image etc. In this paper, we consider
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a reconstruction problem of acoustic sources from remote measurements of the
acoustic field. For a spatial dependent acoustic source f (x) supported on region
D, the pressure u of the radiated time-harmonic wave can be modeled [9] by

(△+k2)u(x,k)= f (x), x∈R
d, (1.1)
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r→∞

r
d−1

2

{∂u

∂r
−iku

}

=0, r= |x|, (1.2)

where k=ω/c0 is the wave number, ω is the radial frequency, c0 is the speed of
sound, d=2 is the spatial dimension and (1.2) is the Sommerfeld radiation condi-
tion. It is emphasized that D may consist of (finitely many) multiple components.
The source f is usually unknown and needs to be reconstructed from some ob-
served data. The data receiver devices are generally located on a remote closed
surface ∂Ω, and the interior domain Ω is supposed to contain the support set D.
In this paper, we assume that f is of the form

f (x)=
n

∑
l=1

wlIDl
(x); (1.3)

here ID denotes the indicator function of subset D ⊂R2, {Dl}n
l=1 are subsets of

D such that
n
⋃

l=1
D̄l = D̄ and Dl∩Dj =∅ (l 6= j), the {wl}n

l=1 are known positive

constants. Then regions Dl need to be determined to give an reconstruction of f .

This reconstruction problem has been discussed in [2, 9] and the source f is
determined uniquely according to the multiple frequency data. Many very effec-
tive approaches have been proposed to solve the reconstruction problem of the
acoustic source [3, 10, 25]. The main techniques in these works include iteration
and sampling algorithms. And the ill-posedness is usually addressed through
the regularization technique.

For geometry shape problems, a very powerful tool is the level set method
[18], which was originally introduced by Osher and Sethian [19]. It is devised
as a simple and versatile method for computing and analyzing the motion of an
interface. The approach allows for topological changes to be detected during the
course of algorithms, which is impossible with classical methods based on curve
parameterizations. Algorithms based on it have also been widely applied in some
inverse problems involving shape reconstruction [1, 4, 7, 15, 23, 24].

In this paper, we propose an ensemble Kalman filter (EnKF) algorithm to find
the approximated level set function, which is established on the Bayesian inver-
sion [22]. To the authors’ knowledge, there are few studies about this. In [5, 13],


