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1. Abstract

Solving electromagnetic  scattering and  radiation
problems with moment methods or finite element
methods over a large frequency band gives accurate
results, but it is often too time-consuming. So we
propose a fast auto-adaptive method to optimize the
computational electromagnetics solver applied in the
case of various radiating and dielectric stiuctures. This
method is able to generate the electromagnetic behavior
of the antenna with a very few simulations over a broad
frequency band.

2. Introduction

The cost of computational electromagnetic sirnulation by
the moment method or the finite-element method is
expensive because the computer model has to be run for
every frequency sample. The user often reduces the
number of frequency samples in order to have a
moderate computing time. However, with a few number
of sample points, physical effects are wrong considered,
so the obtained resulis are not right. All these facts are
common to various applications as signal processing,
microwave imaging reconstruction and optimization in
electromagnetic topics, and so on. In recent years,
various interpolation algorithms have been developed
and published {1-10], particularly for 2D structures.

For example, in the case of a 3D antenna structure, our
aim is to obtain the current flows at the antenna surface
over the frequency band using only a limited number of
frequency samples, adding specific information based on
the knowledge of the derivatives of these current flows
[11-12]. Thus we have developed a fast auto-adaptive
algorithm to save the computation time and give
excellent resuits.

3. Modeling
3.1. Analysis

With the frequency derivability resuits [12] associated to
the Huyghens principle for C* surfaces, and the two
derivatives of the Rumsey reaction obtained by 4
computer algebra sysiem (Maple), we determined the
unknown current flows and their derivatives at the
antenma surface for a very small set of frequency

samples. The expressions of the derivatives- of the
current flow become more complex when the order of
derivation increases and the kernel singularity is never
stronger than the orniginal one. Nevertheless the
integration of the successive kemels needs specific
developments.

Solving numerically the Rumsey reaction, we use a finite
element computer code (SR3D of France Télécom R&D
[13]). It is based on an integral equation formulation
with a triangular finite element discretization. Thus
software SR3D solves an bilinear form equation where a
is a bilinear form, x the vector flow, x' the functions
tests. By deriving this expression at the order k
compared to the pulsation ® one finds:
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For more visibility, we note X the curzent flow instead of
the notation x above. Thus the derivative the current
flow (X°, X**) are solutions of a matrix system :

A.X=B )

Operator A is the same one, only the second member
changes : B® for X’ and B” for X°°, It consists of the
successive derivatives of A and B and of lower order
derivatives of the current flow, Afier calculating the
vector solution X, the derivative operators and the new
second member are computed. Then we solve the
system, The calculation of the derivatives of the current
flow at cach frequency requires the one of the successive
derivatives of bilinear forms A and B.

Then, our special adaptive interpolation routine is
applied to evalvate the cument flow and its two first
derivatives on the broad frequency band.

The analysis of the behavior of the interpolation function
(interpolated current flows) allows to detect critical
points where a small iumber of new sampling frequency
points is needed. So the surface currents can he
computed faster (ratic from 1 to 10) and we are able to
deduce the expressions of the antenna characteristics.



3.2. Interpolation

Interpolating and approximating a function by
polynomials or rational functions looks hard if we know
only a small number of sample points without other
information.

Many kinds of interpolation methods exist, for example :
the well known least-square method, the Taylor series,
the Newton, Lagrange, Chebyshev and trigonometric
polynomial interpolations, and so on . The Padé is a well
old formal transformation of the first terms of a serie into
a rational function as a Chebyshev or Chebyshev-Padé
approximation. The Thiele interpolation is used to derive
the rational function interpolating the data points with
the use of continued fractions from the sample points. A
piecewise polynomial function that can have a locally
very simple form and smooth. Splines are very useful for
modelling arbitrary functions. A rational approximation
is sometimes superior to polynomial one because of their
ability to model functions with poles. The degree of the
two polynomials are quite difficult to be determined.
This approximation is sometimes used by Computer-
Aided-Design software analysing general planar
structures (Model Based Parameter Estimation (MBPE)
or Adaptive Frequency Sampling modules). It allows to
halve or more the number of the computed points.

We develop an original and flexible auto-adaptive
algorithm based on a fifth order piecewise polynomial
interpolation associated with the knowledge of the true
derivatives of the function. This choice allows to
minimize much more the number of frequency samples.
For example, we consider a arbitrary test function with
peaks. We present a comparison between various
interpolation results and our model with 7 points only for
a 40% bandwidth (figure 1) without any refinement.
Here a fifth degree polynomial is used in the least square
method. So we observe that our theoretical results are in
excellent agreement with the original variations.
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FIG. 1: Comparison between various interpolation
results and our model : 7 points only for a 40%
bandwidth.

The auto-adaptive algorithm based on the behavior of the
¥\ function given below :

WM(ﬁ)ﬁpe&z(ﬁ)yI,,(ff

M is the number of considered strongest maxima of the
current flow. The value of M can depends on the
description of the structure, in terms of freedom degrees
number. This algorithm chooses the value of M and
calculates the W, function.

€)

4. Results
4.1. The antenna struciure

We consider the line-slotted patch antenna structure
given in figure 2. Here, we present some examples of the
efficiency of the auto-adaptive algorithm.

€r=22, h=1.54 mm
5.5 mm
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15.4 x 0.8 (mm)
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FIG. 2 : The double patch antenna structure
(13 000 unknowns with the finite element code)

In the figure 3, we can see we start the interpolation
process with 7 initial frequency samples only.

The top part of the figute presents the comparison of the
average of the twenty strongest values of the modulus of
the current flow versus the frequency (4.5-6.0 GHz) for
various numerical simulations. The bottom part concerns
the quadratic average of the twenty first strongest values
of the modulus square of the current flows. The study of
these variations are sufficient to give a excellent idea of
the behavior of the real current flow.

The black curve is related to the level 0 of the algorithm:
i.e. the numerical simulation including interpolation with
7 equidistant frequency samples only (black markers).
The dotted line is the case of the first level of refinement
(2 additional points found by the algorithm). The double
dotted line concems the second level of refinement (3
other new additional points). The O symbols show the
results obtained by the classical SR3D code without any
optimization.
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We also simulate this structure with a FD-TD code
(figure 5). We observe these resonance frequencies are
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FIG. 4: Automatic determination of the resonance
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FIG. 5 : Variations of the six components of the
electromagnetic field obtained with a FD-TD technique.

5. Conclusion

In this paper, we have proposed an original and fast auto-
adaptive optimization technique to calculate the
electromagnetic behavior of an 3D antenna over a large
frequency band with a very few number of frequency
samples. It is based on the knowledge of the formal
derivatives of the current flow and the use of the integral
reaction coupling with an accurate polynomial
interpolation algorithm. So, our SR3D solver is now able
to compute complex 3D radiating structures with
accuracy and time saving. Comparisons between our
results and those obtained by other methods are done and
we observe an excellent agreement.
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