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Bridging the Gap Between TLM and FDTD
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Abstract—A real-time interface between transmission line mod-
eling (TLM) and finite difference time domain (FDTD) algorithms
has been developed and validated. A structure can be subdivided
in an arbitrary manner into connected TLM and FDTD subdo-
mains that are updated simultaneously. In this way the specific
advantages of both methods can be exploited when solving a given
problem. The interface procedure has been validated by solving
identical structures, first with TLM, then FDTD, and finally
with a combination of both. All three methods yield identical
numerical results for equal excitation, space, and time resolution.

I. INTRODUCTION

EVERAL papers have been published on the common

features as well as on the differences of TLM and FDTD
algorithms [1]-[5]. Both techniques are extensively used to an-
alyze electromagnetic structures of arbitrary geometry. FDTD
is heavily favored by the radiation and scattering community,
while TLM is used mostly by researchers interested in guided
propagation problems. However, the actual combination of
these techniques in a real-time analysis procedure has not
yet been described. In this letter, the technique for combining
TLM and FDTD will be reported and validated for the two-
dimensional case, assuming the properties of free space.

II. THEORY

TLM and FDTD algorithms have been extensively pub-
lished in the literature. However, since their interfacing re-
quires a certain consistency in their formulation, both will be
repeated here for convenience.

Maxwell’s equations for % =0,FE, = B, = H, =
discretized with central finite differences are, according to Yee
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where A = = Al, B= MAN i,j, and n are normalized space
and time coordinates.

E and H fields are separated in space by Al/2 [see
Fig. 1(a)] and are evaluated at alternate half-time steps. On the
other hand, a 2-D shunt TLM algorithm [a unit cell is shown
in Fig. 1(b)] consists of the following scattering and transfer
events relating the reflected to the incident voltage impulses:

AVIPTE = [S] VIR
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where [S] is the scattering matrix and [C] is the connection
matrix. The equivalences between the field components in
FDTD and the TLM voltage impulses are
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where Z; = Zy, /2 is the link line impedance. The subscripts
1-4 of the voltage impulses refer to the TLM branch numbers
shown in Fig. 1(b). Note that in TLM, the magnetic field
components are also available at the nodes at integer multiples
of time steps, and the electric field can be sampled halfway
between nodes at half time steps.

To make the TLM and FDTD algorithms compatible, the
time step in FDTD must be chosen as

At = Al/(v/2c) @)

where ¢ is the speed of light. When performing the two
algorithms in parallel, scattering at the TLM nodes corresponds
to the updating of the electric field in FDTD, and impulse
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Fig. 1. (a) 2-D FDTD node. (b) 2-D shunt TLM node.

transfer between TLM cells corresponds to the updating of
the magnetic field in FDTD.

In Fig. 2, & 2-D space is discretized partly with a FDTD
mesh and partly with a shunt TLM mesh. The points shown
in the EDTD lattice are the positions of the electric field
samples F,, while the lines shown in the TLM mesh represent
the link transmission lines. The TLM shunt nodes are thus
collocated with the £, components in the FDTD scheme. Both
subdomains overlap by one cell width Al

To implement scattering [see (2)] at the TLLM nodes in the
interface zone, we need to inject voltage impulses ;,,.V through
their free branches from the FDTD subdomain. These impulses
can be computed by forcing the node voltages to be equal to
the F, field values at these nodes obtained with the FDTD
algorithm. For example, the impulses ;,.V; incident on the
nodes at y = JR can be obtained from (3a) by subtracting the
other three voltage impulses from E, at these points

eV "3 (4, JR) = 2E"(i, JR) — ime[Vali, JR)
+ Va(i, JR) + Va(i, JR)™ 3. (5)

On the other hand, the execution of the FDTD algorithm in
the interface region calls for the updating of the H, values at
j=JR+ 1/2. These are obtained from the TLM voltages at
the nodes in row j = JR + 1. Equation (la) yields
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Fig. 2. Discretization of space with interconnected TLM and FDTD lattices.
The two subdomains overlap by one cell width. The algorithms are coupled
by equating two collocated field components in each common cell.

+ Va(i, JR+ 1) + Va(4, JR+ 1)
+ Vi, JR+ 1)]""3 — E(i, JR)} )

where E.(i, JR + 1) has been set equal to the node voltage
according to (3a).

Similarly, the incident voltage impulses Vo on the
branches 2 of the TLM interface nodes at ¢ = IR can be
computed using the following equation:

T

incVy (IR, j) = 2B7(IR, j) — inc[Vi(IR, 5)
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and Hy in the interface region is updated as follows:
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This completes the connection of the two algorithms.

III. NUMERICAL EXPERIMENTS AND RESULTS

In order to test the interface and the compatibility of
the FDTD and TLM algorithms we have enclosed a 2-D
computational space of 500 x 500 square cells with magnetic
walls so that it could sustain fields at all frequencies, including
dc. Three different methods were used to model this space:

Method A: Shunt-connected 2-D-TLM exclusively;
Method B: Yee’s leapfrog 2-D-FDTD exclusively;
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Method C: 2-D-TLM in one part, and 2-D-FDTD in the
remaining part. Various ways of subdividing the space were
tried, such as sandwiching a TLM subregion between two
FDTD regions, surrounding a TLM island with a FDTD
mesh, or simply dividing the space half into TLM and half
into FDTD along one of the main axes.

The time response of all meshes to “impulsive excitations”
at randomly selected input points was computed and compared.
By “impulsive excitation” we mean the following:

In TLM, the node voltage at the source point is set equal to
1 V at ¢t = 0. In FDTD, the electric field at the center of the
source cell is set to 1 V/m at ¢ = 0. The following observations
were made in all numerical experiments without exception:

1) When the mixed mesh was excited in a TLM subregion,
all three field components were identical in all cells
(including the FDTD cells), and at all time steps, to
those obtained in the exclusive TLM mesh with identical
impulse excitation.

2) When the mixed mesh was excited in a FDTD subregion,
all three field components were identical in all cells
(including the TLM cells), and at all time steps, to those
obtained in the exclusive FDTD mesh with identical
impulse excitation.

These numerical experiments demonstrate that all field
components travel seamlessly from one subdomain to the
other in any direction, and that the numerical response of
a composite mesh cannot be distinguished from that of an
exclusive TLM or FDTD mesh, provided that the excitation is
identical! In other words, if the excitation point is situated in
a TLM region, the typical TLM response is imposed upon the
connected FDTD mesh, and vice versa.

IV. CONCLUSION

An interface between 2-D shunt TLM and FDTD has
been successfully developed and validated. Numerical solu-
tions travel seamlessly between the two types of meshes,

provided that identical space and time steps are used in both
schemes. All electric field components at the cell centers and
all magnetic field components tangential to the cell borders
are identical in both schemes for identical excitation. The
region containing the excitation point always imposes its own
characteristic impulse response upon the other type of mesh
connected to it.

The interfacing algorithm allows us to clearly confirm
the common features and the differences between TLM and
FDTD. Furthermore, it gives us the freedom of choosing the
most appropriate discretization approach in different parts of
the computational domain. For example, Berenger’s FDTD
perfectly matched layer (PML) absorbing boundary conditions
[7] can easily be implemented in TLM through the interface,
while Johns Matrix boundaries can be combined with a FDTD
simulation. Future work will be directed toward hybrid FDTD-
TLM modeling in three space dimensions.
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