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ABSTRACT

A Meshless Time Domain Method is used in the local support domain to solve Maxwell’s equations
for one-dimensional transient electromagnetic problems. The approach is based on a combination of
the Meshless Radial Basis Functions and the Leapfrog time-stepping scheme for the Finite-Difference
approximation of the first order partial derivatives. A comparison is performed between the conventional
FDTD and RBF’s with Gaussian, Wendland-C4 Compactly Supported RBF (CSRBF) and Inverse Multi-
Quadric (IMQ) basis functions. The numerical results showed that the proposed method provides an

accurate solution for transient electromagnetic problems.
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INTRODUCTION

During the last decade, several methods have been proposed to solve Maxwell equations
in complex radiating structures, without the use of finite element meshes. Such Meshless
approaches distinguish four main methods

I based on a Galerkin variational formulation:
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\' The Reproducing Kernel Method RKM, or Smooth Particle Hydrodynamics (Belytschko
etal., 1996).

V' Methods constructed from a purely polynomial interpolation, Point Interpolation Method
PIM (Liu & Gu, 1999), (Lima et al., 2012).

\' Mixed methods coupling radial basis functions, either with a moving least square
approximation (Kansa, 1990; Kansa, 1992; Fasshauer , 2007; Liu & Gu, 2005), or with a
polynomial interpolation (Viana et al., 2006; Wang & Liu, 2001; Wendland, 1995).

The purpose of this paper is to apply the explicit Meshless RBF (Radial Basis Function)
method, with three types of local support of basis functions, namely Gaussian, Wendland — C4
CSRBF and IMQ, to solve time domain Maxwell equations in one dimension. The rationale
for this project is to check the stability problems related with last basis functions in local
support domain and to provide the best solutions for the analysis of transient electromagnetic
problems. Additionally, the RBF method is very economical in terms of computation time and
programming burden in comparison with the conventional Finite-Difference Time-Domain
(FDTD) method. The present research also attempts to shed light on the errors of the FDTD
method.

The present project is structured as follows. The first section provides a brief overview of
the RBF method with a description of the shape function with its derivative; the local support
domain will be presented in the same section. Section three is equated to the time domain
equations for the electromagnetic field in one dimension and the criterion of stability condition
of time. Section four discusses the use of 1-D electromagnetic case to estimate the accuracy
and efficiency of the proposed method by comparing the results of the proposed method with
that of the FDTD, and the RBF with global support basis function at (Lai et al., 2008) with
regard to the PEC boundary conditions and time-exponential current excitation. The last section
presents a general conclusion about the results of the present study.

THE MESHLESS METHOD BASED ON RBF
The RBF approximation function #(x) can be expressed as follows:
ut(x) =3V, 0;(x).a; , Vx € R4 [1]

where ¢;(x) = ¢(llx — x,|]) is the radial basis function centred at the collocation nodes x; ,x,, ...,,
xv € R%, a; are unknown coefficients to be computed and represents the Euclidean distance
between test points x and node points x;.

In order to determine the coefficients @; we force the interpolation to pass through all the
N collocation points, resulting in

ul(x) = TAu, = N(x)u, (2]

where u, = [u(xy), u(xz), ..., ulxy)]7,
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@1(x1) @20x1) .. @y(x1)
A= ‘P1(_xz) ‘Pz@z) - ‘PN(xz) [3]
‘P1(.x1v) (Pz(.xlv) (pN(.xN) NxN

and N(x) = [Ny, ..., Nj, ..., Ny]is the matrix of shape function, that is to satisfy the delta function
property. The vector u, holds the field values at N node locations in the surrounding domain
of influence around x.

Figure 1 represents the local support domain.
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Figure 1. Schematic Illustration of the Local Support Domain with Radius 7,,,, Average Node
Distance 4 and Distance d, between Collocation Points and Test Points

In this work, the formula u"(x)can be any component of the electric and magnetic fields,
the spatial derivatives of electric and magnetic fields needed to solve Maxwell’s equations.
The partial derivative of u*(x) is only related to shape function matrix. Where, the first — order
derivative of this function in x direction can be expressed as (Lai et al., 2008):

dul(x)  aN(x)
ax  ox [4]

where

ON(x) _ [0p1(x) dpa(x) Ay (x)
ax ax ' oax 7 ox [5]

THE TIME DOMAIN FIELD FORMULATION IN ONE DIMENSION

The one-dimensional transient electromagnetic problem in a homogenous isotropic medium is
tackled as a TEM wave. According to Cartesian coordinates, the wave is polarised along the y
direction, and it propagates along the x direction. Consequently, the problem is independent of
the z variable, and Maxwell’s set reduces to only two equations where the time derivatives in
RBF meshless method can be approximated by central differences in leapfrog time stepping
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scheme similar to FDTD method. The resulting explicit discretisation formulation of those
equations can be derived by the following equations (Kaufmann et al., 2012):
ntk

1
_ gtz _Alryna j
H,,*=H,*— 7[27'1 10x Ny, Ej ] [6]

zZi j=1

1 1
n+l _ pn _ At|smas J nt; nty
Eyi" =Ey; —~ X1 0x Ny, H,;*+], [7]
where i is the current node locations, # is the time step and j the index in local support domain
in Figure 1. An acceptable time-step Af for the stability of leapfrog scheme is derived from
the Neumann condition as At < d i, j4/1LE, Where d,,;,;1s the shortest distance between any
two collocations points in the domain (Shaterian et al., 2012).

NUMERICAL EXAMPLE

In order to confirm the proposed method, comparison of simulation results was carried out
between the Meshless RBF with three types of basis function (Gaussian, Wendland-C4 CSRBF,
IMQ) and the FDTD on a 1-D perfect electric conductor. The tangential electric field component
must be zero at the boundary collocation points with each time-step update (Lai et al., 2008):

In Figure 2, the distribution of collocation points and test points is uniform. We suppose
that N, is the number of collocation points and that », is the test points whereas, / is the distance
between two successive collocation points.

The computation region is one-metre long, the current excitation point is atJ, (x = 0.35m)
and the measurement point is at obs!(x = 0.85m) (Lai et al., 2008).

— Collocation points
Test points
-

Figure 2. Distribution of collocation and test points in one dimension

The excitation source is a Gaussian pulse. Accordingly; we used three kinds of basis
functions with a local support domain, namely Gaussian, Wendland-C4 CSRBF, and IMQ.
The Gaussian pulse of excitation is expressed by:

Jy(®) = exp[-(=97]  (a/m?) [8]
where: t:=3x107 (s), T=0.5x107 (s)

In the present study, the following three types of radial basis functions (Gaussian,
Wendlend-C4 CSRBF and IMQ) are expressed by:
@;(x) = exp (=s.17) (9]

0,00 = [1= ()] [3+18(2) +35(2) ] [10]
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1

¢ = ey

where s, and e are the shape parameters of the above basis functions successively.

And 1 = T:j , where r,,,, represents the local support domain radius at collocations points
X5, d; = ||lx; — x| is the distance between the test points and the collocations points.

Based on the analysis in this section, it can be inferred that the number of collocation
points N, represents the number of electric field E-points, and the number of test points 7,
represents the number of magnetic field H-points. In the electromagnetic computation, the
shape parameters s in the Gaussian function, § in the Wendland-C4 function and e in the IMQ
function, have to be adjusted carefully in order to achieve a sum of shape functions equal to
unity and subsequently to ensure the stability of the computational scheme. In the following,
we will choose their parameters to obtain the best results.

RESULTS AND DISCUSSION

The input data used for the computation of the plots presented in Figures 3-5are N =101, n,=100,
rmax=1.1.h. Figure 3 shows a comparison of the results for the £, component in the observation
point obs! for the effective odd oscillations 20 periods in PEC boundary condition between:

1. Three different types of local support basis functions, Gaussian, Wendland-C4 CSRBF,
and IMQ, for which we obtained identical results.

2. For RBF method and the traditional FDTD method, we had obtained the same results.

3. The same as the previously obtained result from RBF-FDTD method with the data from
(Lai etal., 2008), Figure 3-5-a and we found them similar, although the radial basis function
from (Lai et al., 2008), is of global support, and the number of collocation and test points
differs (Lai et al., 2008).

200 T T

T T

—Hm

— = —RBF Gaussian
O W-C4 CSRBF
© ReFMa

. Ey (V/m)
g & = &3

]
-
~k
=l

U] 13 14 1 1] il

Time (ns)

Figure 3. E, at observation point obs1 using PEC boundary condition
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Figure 4 shows that on one hand, a comparison of the spatial profiles of propagation
computed respectively to RBF method at three types of local support with each and on the
other hand, the same results of RBF method with the FDTD method at t=10ns, t=15ns and
t=20ns where identical results were obtained.

In order to show consistency in the computing scheme for long term time arguments as well
as for both the RBF Method and the FDTD, the spatial distribution of E, are plotted in Figure
5 at = 150 ns, where the comparison showed identical results. The results obtained by RBF-
FDTD was compared with the results shown in Figure 6 from Lai et al. (2008) are identical.

Through this comparison, the choice of the type of support and the number of points do
not affect completely the results obtained.
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Figure 4. Evolution of E, spatial profiles for FDTD and RBF method at t=10 ns (a), t=15ns (b) and
t=20 ns (c), using PEC boundary condition.
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Figure 5. E,spatial profiles given by RBF- FDTD method at t= 150ns, using PEC boundary condition.

CONCLUSION

In this research, a comparison was performed between the conventional FDTD and RBF
methods with radial basis functions. The numerical results showed that the numerical stability of
the proposed method is related to the radius of a local support domain and the shape parameters
of basis functions. Yet, the construction of the shape function matrix in local RBF method
is more complex than that of the global RBF method. Moreover, the use of locally Gaussian
and CSRBF basis function is more complex than that of the IMQ; otherwise, the previous
basis functions have a problem of stability . In order to eliminate the instability programming
process of the above two basis functions, each node in the local support must have its own
suitable parameter. It was found that the use of RBF method is very economical in terms of
computation time and programming burden.
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