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On the Use of Spatio–Temporal Multiresolution
Analysis in Method of Moments Solutions of
Transient Electromagnetic Scattering
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Abstract—A novel method of moments approach to the solution of time-domain integral-equation formulation of electromagnetic scattering problems is presented. The method is based on a
spatio–temporal multiresolution analysis. This analysis facilitates
a basis from which a small number of expansion functions is selected via an iterative procedure and utilized to model the unknown
current distribution. In contrast to marching-on-in-time sequential
procedures, the proposed method models the unknown current simultaneously at all the time steps within the time frame of interest.
This new method is applied to a one-dimensional (1-D) problem
of electromagnetic plane wave interaction with a dielectric slab. A
comparison of the computed results with results based on the analytic solution demonstrates that the method is capable of attaining
accurate results while achieving substantial reduction in computation time and resources.
Index Terms—Integral equation methods, multiresolution techniques, time-domain analysis.

I. INTRODUCTION

R

ECENTLY, time-domain techniques for solving electromagnetic scattering problems have received increased
attention in the literature, mainly owing to their superiority in
solving wide-band problems in comparison to frequency-domain methods. In such cases, e.g., high-resolution radar scattering, EMP protection systems [1], and antenna short-pulse
radiation patterns and transient characteristics analysis [2],
[3], the relatively wide spectrum of frequencies that should be
taken into consideration renders frequency-domain analysis
inefficient. Analysis of nonlinear or time-varying systems are
also natural candidates for time-domain analysis [4].
While differential methods for solving time-domain
scattering problems such as the finite-difference time-domain (FDTD) are widely used, integral methods have
been less common. This was mainly since the approach to
solve the time-domain integral equation (TDIE) involves a
marching-on-in-time (MOT) scheme which tends to exhibit
late-time instability [5]–[7]. While several attempts where
made to rectify this problem [8]–[12], many researches resorted
to the implicit formulation [13]–[16]. Indeed, the latter is
known to be numerically stable [17]–[19], but it still requires
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passing through all the intermediate time steps until the desired
time of interest is achieved.
In this paper, we present a novel method for solving the TDIE,
which facilitates a stable and rather accurate solution simultaneously at all time steps within the time frame of interest. The new
approach employs solution methods that make use of wavelet
multiresolution bases [20], [21], which have already been successfully used for frequency-domain impedance matrix sparsification [22], [23] and compression [24], [25]. These bases seem
to be adequate also for time-domain analysis, where an efficient
expansion of both the spatial and temporal domains is essential
[26], [27].
The wavelet-based solution of the TDIE is effected via a twostage spatio–temporal transformation of the matrix equation,
followed by an iterative compression procedure similar to the
one introduced in [24]. At the beginning of this procedure, a
given approximation of the solution is analyzed according to
the new basis for the first few dominant expansion functions. In
turn, we use these functions to construct a reduced-rank version
of the TDIE that is readily solved to yield a crude approximation for the solution. Then, at each consecutive stage of the procedure, an error, produced in the previous iteration, is analyzed
in order to determine the additional basis functions needed for
reducing the error. In this way, the matrix equation is gradually
constructed and solved until the desired level of accuracy is attained.
The paper is organized as follows. Section II presents the
scattering problem that is used for illustrating the proposed approach and outlines the method of moments matrix formulation
for this problem. The iterative impedance compression method
is detailed in Section III. Numerical results are given in Section IV. Finally, a summary and conclusions are given in Section V.
II. PROBLEM FORMULATION
For the purpose of demonstrating the generalities of the proposed method and its features, we consider a one-dimensional
(1-D) problem that can be formulated via a simple integral equation. In this problem, one wishes to analyze the time-domain
interaction of a Gaussian pulse of electromagnetic plane wave
with a dialectric slab, as depicted in Fig. 1. The slab has a dielectric constant and fills the entire space between planes
and
. The incident Gaussian pulse, given by
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