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ABSTRACT

This paper presents a hybrid method which combines 3D

Symmetrical Condensed Node -Transmission Line Model-

ing (SCN-TLM) and Yee’s Finite Difference Time

Domain (FDTD) methods. This work is an extension of

our earlier work on the interface between 2D TLM and

FDTD. Even though, the 3D SCN-TLM and FDTD nodes

differ in structure and high-frequency dispersion charac-

teristics, they give virtually the same numerical results for

identical band-limited excitation, and equal space and time

resolution. Using the interface presented in this paper, the

specific features of both of these nodes can be exploited

when solving a given problem.

INTRODUCTION

Hybrid analysis or combination of different numerical

techniques often yields improvements in efficiency and

accuracy when solving a given problem. For example,

there have been efforts to hybridize FDTD with finite ele-

ments in time-domain [1], and mode matching with TLM

[2], etc. Among the time-domain numerical methods,

TLM and FDTD are very closely related; both are exten-

sively used to analyze electromagnetic structures of arbi-

trary geometry. The main difference resides in the

formulation of the field equations: FDTD algorithms

update total field components in a space and time grid,

while TLM tracks incident and reflected voltage pulses in

a spatial network of transmission lines. Very recently,

Celuch-Marcysiak and Gwarek have given the equivalent

excitation schemes that produce identical field values at all

time steps in the expanded TLM and FDTD meshes [3].

The TLM method has advantages in accurately describing

boundaries and dielectric interfaces, while the FDTD

method requires less computer memory and time. Also the

performance of one-way absorbing boundaries is better

when implemented in TLM [4-5]. Hence, hybridizing

these two methods will lead to more efficient and accurate

algorithms. Recently, we have developed an interface

between 2D shunt TLM and 2D FDTD modules, and

applied it to implement Berenger’s perfectly matched

layer (PML) absorbing boundmy conditions in TLM [6].

Even though several pap,ers have been published on the

relationship between the SCN-TLM and FDTD, no

attempt has been made so far to actually link them in a sin-

gle computer program [7-9]. In this paper, the technique

for combining 3D SCN-TLM and FDTD will be reported

and validated.

INTERFACE BETWEEN 3D 5CN-TLM AND
YE1l’S FDTD

Yee’s FDTD node [10] nnd Johns’ 3D SCN-TLM node

[11] are shown in Figs. la and lb, respectively. One major

difference between the SCN-TLM and FDT,D nodes is that

in the SCN-TLM node all six field components are simul-

taneously available at the centre of the node and at the cell

borders at alternate half time steps, while in the FDTD

node, E and H components are available at different points

and at different halftime steps. We have considered a 3D

computational space half discretized with a FDTD mesh

and half with a SCN-TLM mesh. The interface is parallel

to the yz plane (see Fig. 2). For clarity, only one layer of

FDTD and SCN-TLM cells is shown. Both subdomains

overlap by one cell width Al; the TLM voltage impulses

and the FDTD fields must be linked at the common nodes.

Because of the condensed and distributed nature of the

fields in the SCN-TLM and FDTD nodes, respectively, the

linking is not as straightforward as in the two-dimensional m

case [6]. The exchange of information between TLM volt-

age impulses and FDTD field values requires condensing

of some FDTD electric field values to the centre of the

cells, and expanding of some SCN-TLM electric field val-

ues (to the positions corresponding to the FDTD electric

field positions).

To implement scattering at the SCN-TLM nodes along the

first column of the TLM subpart at (i = 1+3/2), we need to

inject voltage impulses inCV through their free branches

from the FDTD subdomain. These impulses can be com-
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puted by forcing the node voltages to be equal to the con-

densed electric field values Eyc at the centres of the nodes

obtained with the FDTD algorithm. For example, the

V incident on the nodes can be obtained byimpulses ~nC~

subtracting the other three voltage impulses from EYC at

these points:

1
n–-

inCV3 Z(I+~,j+~,k+~) = 2E~C(I+~,j+~,k+~) xA1

—
[

V4(l+~, j+~, k+~)+V8(I+~, j+~, k+;)

inc
1

n–-

+Vll(l+;, j+;, k+;) 1
2

(1)

where EYC is calculated by taking the average of the four

cell boundary FDTD EYvalues:

EYc(I+~, j+~, k+~) = ~y(I+l, j+~, k) +

EY(I+2, j+;, k) +EY(I+l, j+~, k+l) +

EY(I+2, j+~, k+l)]/4
(2)

Similarly ~ncV6 can be obtained using the following equa-

tions;

1
n--

inCV6 2( 1+~, j+~, k+~) = 2E~c(I+~, j+~, k+~) xA1

-[
V5(l+~,j+~, k+~) +V7(Z+’~, j+~, k+~)

inc
1

3.1
n–-

+vlo(z+j,j+~, k+;)] 2

(3)

[
l?zc(l+~, j+~, k+~) = EZ(I+l,j, k+~) +

EZ(I+2, j,k+~)+EZ (1+1, j+l, k+~)+

1Ez(I+2, j+l, k+*) /4
(4)

On the other hand, updating of HY and HZ of the FDTD

nodes in the last column of the FDTD subpart at i = 1+2

needs EY and EZ components at i=I+3:

1 1
n–-

H~+i(I+~,j,k+~) =HY
5 1

2( 1+2, j,k+2)

At

–[
E~d(I+3, j,k+~) -E~(I+2, j,k+~)

+ poAl

+E~(I+2,j+~, k) -E~d(I+3,j+~, k)]

(6)
where the cell boundary electric fields EYd and EZd are

computed by averaging four electric field values at the

neighboring SCN-TLM node centres:

1+EY(I+~, j+~, k–~) /4

(7)

(8)

The electric field values at the SCN-TLM node centres

are, in turn, given by

1,1
+Vlo(i+p+z, k+;)] /(2x Al)

(9)

(lo)

This completes the connection of the two algorithms.

VALIDATION AND NUMERICAL RESULTS

We have tested the above procedure by applying it to a

cubic metallic cavity of size 7,112 mm. For a space resolu-

tion Al of 0.16933 mm, the total number of cells is

42x42x42. It was subdivided into a FDTD mesh of size

(21x42x42) and a SCN-TLM mesh of size (21x42x42).

First, it was impulsively excited in the FDTD subpart with
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a TEIO mode spatial distribution, The frequency spectrum

obtained is plotted in Fig. 3a. It compares well with the

frequency spectrum of the cavity discretized exclusively

with an FDTD mesh except for a little difference in the

higher end of the spectrum (Fig. 3b). This can be attrib-

uted to the different dispersion characteristics of the SCN-

TLM and FDTD nodes. To ascertain this, the cavity was

excited with cosine modulated narrow (containing the fre-

quency components from 20 to 120 GHz) and wide (con-

taining the frequency components from 20 to 35 GHz)

Gaussian pulses. The time-domain responses are plotted in

Figs. 4a and 4b. We can see that for a wide cosine modu-

lated Gaussian pulse excitation, the response of the hybrid

FDTD+TLM mesh is exactIy equal to that obtained with

an exclusive FDTD mesh. Indeed, both schemes have vir-

tually identical dispersion at the lower end of the spec-

trum.

CONCLUSIONS

A hybrid SCN-TLM/FDTD numerical algorithm has been

successfully developed and validated. Numerical solutions

travel seamlessly between the two types of meshes, pro-

vided that band-limited excitations are used. This proce-

dure gives us the freedom of choosing the most

appropriate discretization approach in different parts of the

computational domain. Now, any new development in the

FDTD method can be used in the TLM method without

deriving its equivalent transmission line network model,

or vice versa.
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Fig. la: Yee’s FDTD Node
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Fig. 2: Discretization of a 3D space with interconnected FDTD and SCN-TLM lattices. The two subdo-
mains overlap by one cell width. The algorithms are coupled by equating two collocated field components
in each common cell.

Fig. 3a: Frequency spectrum of the cavity com-
puted with a FDTD+TLM mesh for impulsive
excitation.
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Fig. 3b: Frequency spectrum of the cavity com-
puted with an exclusive FDTD mesh for impulsive
excitation.
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Fig. 4a: Time-domain response of the cavity com-
puted with a FDTD+TLM mesh and an exclusive
FDTD mesh for cosine modulated short Gaussian
pulse excitation.
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Fig. 4b: Time-domain response of the cavity com-
puted with a FDTD+TLM mesh and an exclusive
FDTD mesh for cosine modulated wide Gaussian
pulse excitation.
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