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Abstract: The aim of this paper is to review our activity in the last years in order to develop and/or implement accelerated techniques
for the solution of large electromagnetic problems. We will restrict our attention to 3D integral equations formulation discretized by

Method of Moments (MoM) Harrington [1], Rao, Wilton and Glisson (RWG) basis functions Rao et al. [2].

1. THE INTEGRAL EQUATION MEI (IE-MEI)

A sparse matrix integral equation formulation Ogival cylinder 204800 x 40960 lambda, perimeter 420437 lambda
was developed. The results for TM and TE 2D e ‘ ‘
problems Rius et al. [3][4] are excellent (Fig.
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implementation in 3D with RWG is neither
accurate nor efficient Rius et. al [6].
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Fig. 1: Monostatic RCS of a 2D 2048001 x 409604
ogival cylinder, TM polarization, IE-MEI compared
with Geometrical Optics (GO) and Geometrical Theory
of Diffraction (GTD) high frequency approximation.
The number of pulse basis functions (and unknowns) is
4,096,000. Induced current computation time time is

19.5sec. per incidence direction with AMD Athlon CPU '100 10 20 30 40 50 60 70 80 90
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2. MULTILEVEL MATRIX DECOMPOSITION ALGORITHM (MLMDA)

The 2D MLMDA Michielsen et al. [7] was extended to 3D problems Rius et al. [§]. MLMDA in 3D is very
efficient to analyze planar or piece-wise planar objects with any Green’s function. For example, the results
for microstrip antennas are excellent Parron et al. [9] (Fig. 2) and the computation time is comparable to
free-space implementation of MLFMA for the
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3. MULTILEVEL FAST MULTIPOLE ALGORITHM (MLFMA)

The MLMFA Song et al. [10] is possibly the most efficient algorithm for accelerating the MoM solution of
general 3D electromagnetic problems with arbitrary surfaces. Previous research in MLFMA, ref. [10],
addresses scattering computations with the well-conditioned CFIE. We have concentrated our efforts in the
computation of antenna radiation with EFIE, which is ill-conditioned for very large numbers of unknowns
and requires the use of large preconditioners. Fig 3. shows an example of educational interest for our
Antenna Theory courses.
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Fig. 3: Aperture field and current distribution in a X-band
horn. The discretization of EFIE with 69,000 RWG basis
functions was solved by the MLFMA with ILU
preconditioning in 55 min. in a PC computer with AMD Current
Athlon CPU at 1.0 GHz and 1.5 MB of RAM. distribution

4. BLOCK-ILU PRECONDITIONER

When the preconditioner required for the iterative solution of EFIE with MLMFA and GMRES is too large
to fit in-core RAM memory of the computer, one cannot efficiently do the conventional ILU decomposition
of the preconditioner. In order to remove this bottleneck, we have developed a block-ILU algorithm Heldring
et al. [11] that allows the use of huge preconditioners (Fig. 4).
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