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Abstract

The Scalar-formulation of IE-MEI method for 3D acoustic scattering problem is
presented in this paper. The surface integral equation is derived from scalar reciprocity
relation by using 3D scalar Helmholtz equation which satisfies the MEI postulates. As
a result it preserve the matrix sparsity which can save computational time and storage
memory. This paper also focuses on the insensitive property of MEI coefficients with
respect to the small modification of the scatterer shape which can broader the appli-
cability of MEI technique. The numerical results of arbitrary shape 3D problem are
verified with the available numerical solution.

1 Introduction

The Measured Equation of Invariance (MEI) technique [1] was successfully applied [2]
directly on the object surface with the surface integral equation by preserving the matrix
sparsity which can save computational time and memory requirements. This Integral Equa-
tion formulation of MEI (IE-MEI) method is excellent for 2D EM problems [3] but not
efficient for 3D arbitrary boundaries [4].

In this paper, we describes the Scalar-formulation of IE-MEI (SIE-MEI) method for 3D
acoustic scattering problem, where the scalar-field integral equation is derived from scalar
reciprocity relation according to Hirose’s approach [3]. MEI postulates [1] are then applied
to solve integral equation with suitable set of equivalent sources.

This paper also describe the insensitive property of MEI coefficients for the computation
of scattering from modified structured bodies. According to this property, if some portion
of the scatterer is modified, then the MEI coefficients shall be recalculated only around the
modified area and the previous stored coefficients are reused for the other portion of the
scatterer. This gives the same results as those obtained by considering the whole modified
scatterer, while the computational (CPU) time is drastically reduced.

2 Scalar-formulation of IE-MEI method

Consider an acoustic problem as shown in Fig.1(a), where ∂V+ is a closed surface of region
V + placed very near to the scatterer that includes only a single source which is represented
by the equivalent monopole source ρ2 and the dipole moment µ2. This leads the Scalar-field
Integral Equation [5]
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∮
∂V

(
φ1(r)ρ̃2(r) − φ′

1(r)n̂ · µ̃2(r)
)
dS = 0, (1)

where φ1 and φ′
1 are the scattered field and its normal derivative, respectively, and ( ·̃ )

terms represent the equivalent sources near the scatterer.

MEI postulates are then applied to get the localized and discretized version of Eq. (1) [5].

∑
m

[
anmφ1(rnm) − bnmφ′

1(rnm)
]

= 0, (2)

where anm and bnm are the unknown MEI coefficients for the n (= 1, 2, · · · N)-th node
associated with the m (= 1, 2, · · · M) number of neighboring nodes, and φ1 and φ′

1 are the
scattered wave generated by the suitable Q-sets of secondary sources called metrons [5].

In matrix form, Eq. (2) becomes

[C D ]
[

a
b

]
= 0, (3)

where [C D ] is the [Q × 2M ] known matrix composed of metron fields and their normal

derivatives and

[
a
b

]
is the column vector of unknown MEI coefficients.

This local matrix is solved repeatedly for the whole scatterer surface, two sparse matrices
A and B of MEI coefficients which are invariant to excitation are obtained (Eq. (4a)). For a
soft-body problem, Eq. (4a) can be represented as the equation of equivalent surface sources
∂φ
∂n on the scatterer (Eq. (4b)).

A [φsc]−B
[

∂φsc

∂n

]
= 0, (a)

[
∂φ(r)

∂n

]
=

[
∂φinc(r)

∂n

]
−B−1A

[
φinc(r)

]
, (b) (4)

where φinc and ∂φinc

∂n are the incident field and its normal derivative, respectively.

3 Insensitive Property of MEI Coefficients

The insensitive property of MEI coefficients is effective when the scatterer structure is mod-
ified so that the scattered field should be recalculated [6].

According to Eq. (3), the MEI coefficients of each node are derived from the metron fields
at the node for the possible sets of metrons, combined with the interaction of metron fields
at the neighboring nodes associated in the local region. Although these fields are generated
by the metrons defined over the entire domain, they mainly depend on the local geometry
of the scatterer and do not get significant effects from the other portion of the scatterer. This
local geometrical dependency, we define here, the insensitive property of MEI coefficients.



In conventional technique, the MEI coefficients of whole structurer of unmodified body are
derived according to Eq. (3) and then by using Eq. (4b) the equivalent surface sources of
the scatterer are derived. If some small portion of the scatterer is modified, we follow the
same procedure again. But in our proposed technique, we store the MEI coefficients of the
whole structure of original body during scattering computation. Now if some portion of the
scatterer is modified, then we shall calculate the MEI coefficients only around the modified
area and we can reuse the stored data for the other portion. Because of the insensitive
property of MEI coefficients, new set of data gives almost the same result as the result
obtained by the conventional solution process. Thus, by following the proposed solution
technique we can avoid the extra computational burden and hence save the computational
time.

4 Numerical Implementation

4.1 SIE-MEI method for 3D Acoustic Scattering

Let us consider a cube on which a plane wave is incident to +y direction as in Fig. 1(b).
Figure 2(a) shows the 2D plot of equivalent surface source on the cube along the perime-
ter of section-A for the side of l = 2λ and compared with the numerical solution using
Combined-field Method of Moments (CfMoM). The results show an excellent agreement
between them.
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Figure 1: (a) Region V + very near to the scatterer, (b) Cube, and (c) 0.3λ modified Cube.
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Figure 2: Equivalent surface source on the (a) Cube, and (b) 0.3λ modified Cube.



4.2 Insensitiveness of MEI Coefficients

We then considered the same cube with 0.3λ slice cut modification at one of the edges
parallel to z axis, as shown in Fig. 1(c). In this case we also considered the same type of
plane wave incident from the same direction. Figure 2(b) shows the 2D plot of equivalent
surface source along the perimeter of section-A. The graph contains the result of full cube
(or the original cube) by using conventional solution technique and of the modified cube by
using conventional and proposed solution technique, in the SIE-MEI method. The results
of the modified cube are also compared with the numerical solution using CfMoM, which
gives a good agreement between them.

5 Conclusion

The 3D Scalar-formulation of SIE-MEI method for acoustic scattering problem is pre-
sented. The method uses the surface integral equation with MEI postulates, thus keeps
the same advantages as of MEI and IE-MEI method. A new solution technique based on
the insensitive property of MEI coefficients is also described in this paper. This technique
is implemented on the scatterer when its geometry is modified and the scattering character-
istics need to be recalculated. We can save the large amount of CPU time with the same
accuracy in the result. We also verify our approach with the numerical solutions of the
arbitrary shape 3D problem. Result shows an excellent agreement.
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