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Abstract—In this work, we propose a novel and efficient solution
for the generalized multipole technique (GMT): the localized iterative generalized multipole technique (LIGMT). In LIGMT, an analytic constraint is imposed on the power radiated by the set of multipole sources sharing the same origin, rendering it minimum over
a given angular sector. In this way, the power radiated by each set
of multipoles is confined to a different section of the scatterer surface. It follows that each set of multipole coefficients can be solved
step by step via an iterative process, which circumvents the need
to solve the large and full matrix equation. This implies a significant reduction of the computational and storage cost, enhancing
the scope of application of the GMT method to larger problems.
Index Terms—Electromagnetic scattering, equivalent sources,
integral equations.

I. INTRODUCTION

I

N RECENT years, fictitious source methods, such as the
generalized multipole technique (GMT) [1], [2] and the current model method [3]–[5] have been found to be very efficient
alternatives to the standard Method of Moments (MoM) [6] for
analyzing time-harmonic electromagnetic scattering problems.
In these methods, the scattered field is represented by the summation of fields radiated by a set of adequately placed fictitious
sources. If the location, number, and amplitudes of the fictitious
sources are appropriately chosen, the boundary conditions are
satisfied, in some approximate sense, on the scatterer surface,
and the scattered field can be obtained without any integration
over the surface currents. A review of recent advances of GMT
can be found in [7] and [8].
These fictitious source methods reduce the number of unknowns with respect to the conventional MoM solution, but at
the expense of being very dependent on the location of the fictitious sources. Nevertheless, the size of the scattering objects is
still restricted due to the computational cost and storage requirements of formulations of this kind. Recently, efforts have been
made to enable the application of these methods to larger bodies.
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posed by Canning [9]–[11], directional sources and testing procedures have been employed to obtain generalized impedance
matrices with a banded structure. In [12], the directivity arises
when the equivalent sources are arranged in such a manner as to
produce a field focus on the bounding surface. In [13], [14], the
directivity is achieved by positioning point sources in complex
space. A similar solution has been applied in the complex multipole beam approach (CMBA) [15], [16], where the scattered
fields are produced by a set of multipole sources located in complex space. Finally, in [17], [18] the directivity is achieved by
choosing arrays of fictitious sources and arrays of testing points
with directional radiation and receiving patterns.
In this paper, a new method, the localized iterative generalized multipole technique (LIGMT), is presented. LIGMT allows
for a significant reduction of the computational and storage cost,
thereby enhancing its scope of application to very large scattering problems. This new method is based on the GMT but
presents some substantial differences. In LIGMT, not only are
boundary conditions imposed, but we also require that the power
radiated by each group of multipole sources sharing the same
origin will be confined only to part of the surface. In this manner,
a substantial reduction in the coupling between different origins is readily achieved. The LIGMT method is completely different from the block-iterative solutions [19], [20] previously
suggested for GMT (specially suitable for problems involving
multiobject scatters). In these previous works, the GMT matrix
was simply partitioned and rearranged in order to obtain diagonally dominant block matrices following criteria based on physical considerations rather than on purely numerical reasoning.
This enables one to solve independently for the complex amplitudes of the multipole sources at each origin and solve the
whole problem by a simple iterative process avoiding the need
to invert the whole matrix. Note, however, that while a significant reduction in the computational cost with respect to conventional GMT can be attained, this approach may often result in a
less accurate satisfaction of the boundary conditions (BC). Nevertheless, the BC error levels obtained by LIGMT (below 1%)
have been found to be sufficient for far-field scattering problems. Some numerical results are presented to illustrate the convergence and accuracy of the proposed method. For the examples given, the computational cost is reduced by up to 2% of
the direct GMT solution, and even further reduction may be attained for scatterers of larger size. Regarding the storage cost, it
can be reduced by a factor of (number of multipole origins)
and shows a linear relation with the size of the scatterer.
The paper is organized as follows. Section II contains a short
description of the problem; the conventional GMT method is

0018–926X/01$10.00 © 2001 IEEE

