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Because of the invisible nature of electromagnetic waves, the tasks of analyzing, modeIing, and designing of antennas and 
microwave devices are less manageable than the design of other types of electronic circuits or devices. Efforts have been 
focused on building tools for visualizing electromagnetic waves emerging from canonical andsimp le structures. With lesser 
success, there are a few modeling tools available for a true analysis of practical EM designs. However, the majority of such 

available tools are basically commercial in nature and are cost prohibitive to the researchers in the academic environment. 

This paper provides an overview of several graphical user interfaces (GUIs) developed for electromagnetic computational 
tools forthe finite difference time domain (FDTD) technique. These user interfaces overcome the major difficulties thatslow 

down the EM analysis process. The main tasks of these GUIs are to simplify the process of describing a composite structure 
to the computational engine, to provide real-time visualization of the generated fields and other related parameters, and to 
allow for post processing of the computed field values. Tools for ID, 2D FDTD, and 3D FDTD interface, are presented. 

IDFDTDTOOL 

A ID FDTD tool is usually used in education to demonstrate the behavior of plane wave interactions with materials and 
material boundaries. It may also be used for research to model a small part of a problem in cases where the radii ofcurvature 
of the objects are large. In some rare situations a problem may be essentially one-dimensional, for which a ID FDTD 
simulation tool would be a practical solution. 

The ID FDTD program was developed primarily for educational use. This package animates time domain reflection and 
transmission of a Gaussian plane wave 
through one or two homogeneous 
material slabs. During the simulation the 
value of the y component of the electric 
field at each time step is shown as a 
function of xl Llx, where Llx is the spatial 
increment used in the simulation. Figure 
1 shows a two layers of dielectric slabs 
and an incident Gaussian plane wave 
propagating into the first slab while its 
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reflection from the first boundary � 01------" 
propagating in the backward direction 
in the free space region. 

The user can change the simulation 
parameters by clicking the Set Data 
button from the first screen, which 
opens the data entry window shown in 
Figure 2.· The constitutive parameters 
for each slab may be set. The user can 
control the spatial mode� excitation 
parameters, computation boundaries 
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Figure 1 - ID FDTD Simulation Window. 

boundaries), and the formulation type (scattered versus total field formulation). 
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The 10 FDTD program was developed 
uSing MA TLAB and consists of two 

preparsed pseudo-code (pcode) 

MA TLAB files. This package is 
a"ailable at the Applied Computational· 
Electromagnetics Society (ACES) web 
site, htto:llaces.ee.olemiss.edu and can 
be used on any computer that has a copy 
ofMATLAB version 5.3 or later. 

2DFDTDTOOL 

Many electJ;omagnetic problems exhibit 
no variations in one of the coordinate 
axes. In such cases actual 3D problem 
can be reduced to a 2D problem. Hence, 
a 2D analysis tool is required. Usually 
the 2D analysis is divided into two 
categories, TB and TM polarizations. 

The 2D TM" FDTD program was 
developed primarily for educational use. 
The program animates time domain 
scattering by a material geometry 
excited by a z-directed electric current .:..' ==,;;.:; 

line source. It is a FORTRAN console 
application which runs in a DOS box 
and invokes the Compaq Array Viewer 

. for visualization of the computed near 
field components. The user interacts 
with. the FDTD program through 
keyboard input to the DOS box. The 
user can also interact with the Array 
Viewer to change the viewing angle, 
display method, and field plot 
parameters. 

Two samples of the view windows 
generated by this program are shown in 
Figures 3 and 4. In Figure 3, a geometry 
of a U�shaped PEC filled with a 
dielectric material is shown. The 
corresponding electric field distribution . 

due to a z-directed electric line source 
facing the open end, after 200 time 
steps, is shown in Figure 4. 

The 2D FDTD program was developed 
with Compaq Visual FORTRAN version 
6.1 and the Compaq Array Viewer: 
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version 1.1. It is available at the Applied .!;' ===========================:1 
Computational Electromagnetics Society 
(ACES) web site. If the machine on 

Figure 3 - Geometry ofU-shaped PECfilled with a dielectric. 

which the program is to run does not have Compaq Array Viewer installed, the user must obtain the Compaq Array Viewer 
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Demo program available at··· :. 2l) FOrD Simul4tion •• DIGITAllu •• p Viewer Sl!l� htto:llwww.comoaq.com/fornan/. 

3D FDTD INTERFACE 

For any practical electromagnetic problem a 3D 
computational tool is usually required. 

The 3D FDTD interface allows the user to 
interactively construct the geometrical domain 
and define additional parameters needed in 
order to describe the computational domain to a 
FDTD computational engine. The developed 
interface does not apply the FDTD technique; it 
just allows the user to create and view the 
geometry. The interface generates a text-based 
output file which can be read by a FDTD • 
computation program applying the FDTD· 

technique. 

Figure 5 shows the main display of the 3D 
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FDTD Interface with a sample geometrical �..;.....;. ____ "--.......... ___ ,--_____ ..;.;;..... _______ =--_ ......... _---, ______ -J 
domain. The sample domain shows a meander Figure 4 - Electric field distribution. 

Figure 5 - 3D FDTD Interface Main Display Window. 
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line antenna on a dielectric slab that sits upon a ground 
liB:fillllllllll plane. This domain was created by first defining the 

physical properties of the geometrical domain (size, 
type, and number of cells) and then using the objects 
available in the interface to construct the geometry. 
This particular sample domain was created using only 
rectangular plates and sheets. The window used to 
create rectangular plates is shown in Figure 6. A 
material type, which the user defines, is associated with 
each object as it is created. Figures 7 and 8 show the 
windows used to assign the material type and define the 
material properties. Available objects include basic3D 
shapes (spheres, cylinders, rectangles, etc.), circuit 
elements, and sources. Sources for excitation can be 
either near zone sources such as a voltage source or an 
array of voltage sources, or far zone sources such as a 
plane wave. Associated with sources are diffei:enttypes 
of waveforms such as sinusoidal, Gaussian, derivative 
of a Gaussian, and a cosine modulated Gaussian. 

The 3D FDTD interface was developed using ...... _'-""'=� 

Microsoft Visual Basic and the OpenGL 3D Graphics Figure 6 _ 3D FDID Interface R�ctangular PlateWmdow. 
API. Future extensions include the integration of the 
interface with a FDID computational engine in order to create a 3D FDTD simulation tool in a single package. 

03 • Dielectric 
04 • DielectIic 
05 • Dielectric 
06· Dielectric 
07 • Dielectric 
08· Dielectric 
OS • Dielectric 
10·PMC 
11 • Magnetic Material 
12· Magnetic Material 

Figure 7 - 3D FDTD Material Assignment Window. Figure 8 - 3D FDTD Material Definition Window. 

CONCLUSION 

This paper presents a set of simulation tools based on the FDTD technique. These tools are useful for the development of 
geometrical models and the visualization of electromagnetic fields in electromagnetic, microwave, and antenna analysis and 
design. 
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