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SUMMARY
The use of wavelet expansions in numerical solutions of electromagnetic frequency-domain integral equation
formulations is steadily growing. In this paper we review the recently suggested impedance matrix compression
(IMC) method for a more effective integration of wavelet-based transforms into existing numerical solvers.
The difference between the IMC method and the previous approaches to applying wavelets in computational
electromagnetics is twofold. Firstly, the transformation is effected by means of a digital filtering approach.
This approach renders the transform algorithm adaptive and facilitates the derivation of a basis which best
suits the problem at hand. Secondly, the conventional thresholding procedure applied to the impedance matrix
is substituted for by a compression process in which only the significant terms in the expansion of the (yet-
unknown) current are retained and hence a substantially smaller number of coefficients has to be determined.
A few numerical results are included to demonstrate the advantages of the presented method over the currently
used ones. The feasibility of ensuring a slow growth in the number of unknowns even when there is a rapid
increase in the problem complexity is shown by an illustrative example. 1998 John Wiley & Sons, Ltd.
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1. INTRODUCTION

The number of applications involving electromagnetic wave propagation, scattering and coupling
mechanisms gradually increases. In those applications, the ability to carry out a thorough electro-
magnetic analysis and synthesis of the physical layer of the system is indispensable. Problems of
this kind are often formulated by linear integral equations and solved by the method of moments,
which is essentially a discretization scheme whereby an integral equation is transformed into a
matrix equation that can be solved on a digital computer. As long as the length-scale characterizing
the structure under consideration is smaller than or comparable to the wavelength, ordinary
approaches which often result in dense matrices may suffice. However, when the scatterer becomes
large and contains a variety of length-scale features ranging from a subwavelength to several
wavelengths, the need for a discretization scheme and basis functions tailored to the scatterer
geometry naturally arises because such a decomposition can ensure that growth in the number of
unknowns remains slow even when there is a rapid increase in the problem complexity. The
current methods that attempt to tackle this matter are based on algorithms that generate matrices
which are more localized and which by a proper thresholding procedure can be rendered sparse.
A number of these recently suggested approaches are the fast multipole method,1,2 which is used
in conjunction with an iterative solution, the impedance matrix localization method,3,4 and the
wavelet expansion approach.5–9

In this work we deal with the incorporation of wavelets into method of moments solutions for
scattering problems. The conventional approach to employing wavelets involves the use of wavelets
as basis functions to expand the unknown quantity, and occasionally the use of wavelets as testing
functions (if a Galerkin solution is considered). Owing to the special characteristics of the wavelet
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