scheme is implicitly assumed. Thus, for example, all the
integral equations are actually reduced to the appropriate
matrix equations.

s = 32
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4. NUMERICAL RESULTS
In this section we consider a simple scattering problem, that
ofTMz plane-wave scattering by a perfectly conducting circular cylinder, as depicted in Figure 2. The incident wave is of

s
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s = 48
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Figure 2 Scattering problem of a circular conducting cylinder excited by a TMz incident plane wave. The length parameter along the
perimeter is denoted by s
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Results obtained in the first four iterations of the iterative solution for the scattering problem depicted in

Figure 2
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unit magnetic field. The cylinder has a radius of one wavelength. The circular perimeter has been divided into 64
equally spacedpulses, which were in turn transformed into a
Haar wavelet basis. The longest wavelet basis function is

comprised of 32 pulses, and covers half of the cylinder
circumference.
Results obtained in different iterations are depicted in
Figures 3 and 4. The results obtained in each iteration are
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Figure 4 Results obtained in iterations 4-8, and iteration
depicted in Figure 2
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divided into three data sets, which are represented separately
in three different figures. The figures situated on the left
[denoted (a), (d), (g), ...] display the set Wl of wavelet basis
functions on a combined-space grid. For a detailed discussion
on such representations of the combined space, see, for
example, [10, 11]. The horizontal axis in these figures is the
spatial location, and the vertical axis describes the spatial
variation. There is a total of 64 rectangles partitioning the
combined space corresponding to the 64 wavelet basis functions used. The basis functions involved are denoted by black
rectangles. The figures situated in the center [denoted (b),
(e), (h), ...] describe the magnitude of the approximate
current density I; as obtained in Step 3 of each iteration. The
values shown are normalized with respect to the incident
magnetic field. These figures demonstrate best the progressive improvement of the approximation for the current Iz
achieved with this iterative scheme. The figures situated on
the right [denoted (c), (0, (i), ...] describe the error Errl as
evaluated in Step 4 of each iteration.
The iterative process proceeds as follows. We start with
only one basis function, which is of constant amplitude over
half of the cylinder (in the lit region). This basis function that
constitutes the initial set WO is designated by a black rectangle in Figure 3(a). Figure 3(b) shows the approximation
obtained after solving for the coefficient of the basis function
described in (a). The error Errl is displayed in Figure 3(c).
The wavelet series coefficients of this error are evaluated,
and this information is analyzed to determine two additional
basis functions, which together with the initial set WO form
the updated set Wl shown in Figure 3(d). A similar explanation can be given to the rest of the figures. Figure 3 describes
the first four iterations, and a few more iterations are described in Figure 4. The last iteration shown is the 20th
iteration, which involves 41 basis functions. A reference solution is depicted for comparison in Figure 5. The reference
solution is the one that involves all the 64 basis functions.
Finally, we compare the new approach suggested herein
and the conventional one, where the impedance matrix undergoes thresholding, which enables the solution of the matrix equation by a sparse matrix solver. Extensive comparison
between the thresholding method and the impedance matrix
compression method can be found in [8]. The scattering
problem considered is that depicted in Figure 2, except that
the cylinder radius is now assumed to be 2'\ long, and 128
basis functions are used for discretization. Figure 6 describes
the performance of the two algorithms, demonstrating the
advantage of the new algorithm. The vertical axis describes
the L2 norm of the error in satisfying the boundary condi-

tion. The horizontal axis is the compression ratio. The compression ratio is equal to 1 minus the ratio between the
number of nonzero elements of [Zlj in the last iteration
preformed and the number of elements of the original matrix. Note that although we consider the matrix [Zlj in the
last iteration as a measure of complexity, one must recall that
other matrix equations, albeit smaller in size, have been
solved in the preceding iterations. It should be added that in
order to take full advantage of the IMC approach, the matrix
[Zlj is also subjected to a thresholding operation. In the
thresholding operation, the smallest (in magnitude) elements
of [Zlj are replaced by zeros, and this procedure continues
as long as the error level does not exceed by 30% the error
level that would have been obtained had [Zlj not undergone
thresholding. Another perspective on the difference between
the methods can be gained from Figure 7. The approximate
current obtained based on the thresholding procedure is
shown in Figure 7(a), whereas the one obtained based on the
new algorithm is shown in Figure 7(b). The fields due to these
currents satisfy the boundary condition to within the same
prescribed error level of 1%. It is seen that the current shown
in Figure 7(a) has many rapidly varying ripples. The wiggly
behavior of the solution stems from the fact that all the
rapidly varying wavelets are actually playing a part in the
solution. In contrast, only part of these wavelets are used to
construct the solution shown in Figure 7(b), and hence this
solution is smoother .
5. SUMMARY AND CONCLUSIONS
In this article a new algorithm for the incorporation
of
wavelets into the solution of integral equations arising in
scattering problems has been proposed. This algorithm rests
on the fact that quite often only a few terms are needed to
describe the current on the scatterer to a good approximation. An iterative procedure for the determination of these
few terms has been presented. The procedure is based on the
apparent correlation between the respective wavelet expansions of the above-defined error and the unknown current.

dEbc(%)

11%1

Figure 5 Magnitude
of current density Jz along the circular
perimeter of the scatterer, for the scattering problem illustrated in
Figure 2, obtained with 64 basis functions

Figure 6 Boundary-condition
error versus compression of the
impedance matrix for a scattering problem similar to that illustrated
in Figure 2, obtained by two solution methods. In this case, the radius
is 2 A, and the number of elements taken is 128. Cases considered are
for the conventional approach of thresholding the original impedance
matrix based on wavelets (denoted by circles and the solid line), and
for the iterative compression algorithm proposed in this !lrticle
(denoted by stars with the dotted line)
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Figure 7 Magnitude of current density J z along the perimeter of the cylinder obtained by two solution methods: Cases considered are
for (a) the conventional method of thresholding the impedance matrix, and (b) the iterative compression algorithm proposed in this
article (after 26 iterations). Both solutions are subject to the same accuracy requirements in terms of ~atisfying the boundary condition

Numerical results have been given to demonstrate the appli.
cability and features of the algorithm.
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The design of a small, low-cost anechoic chamber well suited to the
teaching of antenna theory and measurement techniques is described.
The chamber design allows for dismantling, relocation, and reassembly
when required. Its perfonnance in the range 18- 30 GHz has been found
to be good. The incolporation of the chamber into an automated
antenna pattern measurement system for education and research purposes is also described. @ 1996 John Wiley & Sons, Inc.
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