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Abstract 
 

A graphical user interface (GUI) is developed using 
Matlab in order to provide an easy setup for two-
dimensional electromagnetic scattering problems, solve the 
problems using either FDFD or IMR-FDFD techniques, 
and display simulation results in various forms. The user 
interface increases the efficiency in construction of the 
problems and evaluation of the simulation results for 
electromagnetic scattering research. It can also serve as an 
educational tool helping students in understanding 
scattering mechanisms through visualization.   
 
1. Introduction 
 

Finite-Difference Frequency-Domain (FDFD) method 
is one of the numerical techniques used for calculation of 
scattered fields from various types of objects [1]. It is very 
easy to construct FDFD equations based on Maxwell’s 
equations in frequency domain and it also provides a much 
stable solution relative to other available methods. Another 
advantage of this method is that the use of FDFD provides 
the flexibility in defining composite, inhomogeneous, and 
anisotriopic structures [2, 3].  

Numeric analyses of large-scale electromagnetic 
problems require large computer memory and long 
computation time. Various techniques have been proposed 
to use less memory and/or time for these problems. One of 
the approaches to overcome this problem is to divide the 
computational domain into smaller sub-regions and then 
combine the sub-region solutions after introducing the 
effect of interactions between these sub-regions. Such a 
procedure referred to as the Iterative Multi-Region (IMR) 
technique has been proposed recently in [4-6].  

  
During the course of this study on development of the 

IMR-FDFD a program with a graphical user interface 
(GUI) is developed to increase the efficiency in research 
work. The program provides an easy to use interface to 
construct the geometry of a two-dimensional scattering 
problem, set up the simulation parameters, define sub-
regions, solve the problem using either FDFD or IMR-

FDFD, and display the simulation results. It provides far 
field plots and 2D near field distribution plots as well. It 
can also be considered as an educational tool that helps 
students for a better understanding of electromagnetic 
scattering through visualization.  

   
2. The Iterative Multi-Region Technique 

 
IMR is a procedure in which a problem space consisting 

of multiple separate objects can be divided into several sub-
regions, and each sub-region would contain some of the 
objects. Since the size of a sub-region is smaller than the 
entire problem domain, the solution is much faster and 
requires less memory.  

 

 
 
Figure 1. A problem domain separated into two 
sub-regions. 
 

Consider a problem as shown in Fig. 1. The first step is 
to divide the original problem computational domain into 
sub-regions, in this case region 1 and region 2. The 
scattered electromagnetic fields due to an incident wave are 
calculated separately in each sub-region by the FDFD 
method. Then, fictitious electric and magnetic currents are 
calculated over imaginary surfaces surrounding the objects 
in each sub-region, based on the equivalence principle. The 
electromagnetic fields radiated by these currents are 
calculated at the other sub-regions grid nodes. Then these 
fields are considered as the new excitation for that region 
and the cycle of calculation of scattered fields, fictitious 
currents and radiated fields are repeated as a new iteration. 
The iteration process between sub-regions continues until a 
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convergence criterion is achieved. The sum of all 
calculated scattered fields through iterations gives the total 
scattered field, which is equivalent to the scattered field 
calculated from the solution of the original problem. This 
iterative procedure is illustrated in Fig. 2. 

 

 
 
Figure 2. Scheme of the iterative procedure. 

 
In the IMR procedure each sub-region is solved 

separately, the effect of each sub-region is reflected on the 
other sub-regions and these interactions take place 
iteratively a number of times until a convergence is 
achieved. Therefore, the IMR procedure requires solution 
of fields in the sub-regions a number of times instead of 
one solution of the complete computational domain. 
However, it has been demonstrated in [4-6] that the 
solution obtained through IMR technique converges to the 
one obtained for the complete domain while providing a 
significant reduction in computation time and memory.  

Another advantage of the IMR procedure is that each 
sub-region can be solved using the most appropriate 
technique. For instance, sub-regions containing conductors 
can be solved using method of moments (MoM) while the 
ones containing dielectric objects can be solved using the 
FDFD method. Hybridization can further improve the 
performance of the IMR. Due to aforementioned 
advantages the FDFD method was incorporated into the 

IMR as a solver for a general sub-region, and the IMR 
using FDFD is referred as IMR-FDFD. 
3. The 2-D Scattering GUI 
 

The 2-D scattering GUI provides a framework that 
helps constructing a two-dimensional problem, solving and 
displaying the results. The software is developed for 
personal computers based on windows operating system. 
Matlab (version 7) is required to execute the developed 
package.  The main window of the program provides access 
to necessary functions for these tasks through its menus. 
Using these menus a user can add new two-dimensional 
objects such as rectangles and ellipses to the computational 
domain, edit or delete these objects, define the excitation as 
an incident plane wave, define sub-regions if the problem is 
going to be solved by IMR-FDFD, set simulation 
parameters, and display the near and far field results. When 
the objects are defined the main window displays the 
computational domain with its objects. Figure 3 shows a 
snapshot of the main window of the program with a domain 
consisting of a square, a rectangle, a circle and an ellipse. 
While defining an object the user sets the size and location 
of the object in units of meters as well as the electrical 
parameters using a window similar to that shown in Fig. 4. 
The object can be defined as a dielectric or a conductor; in 
the case of a dielectric the relative permittivity and 
permeability need to be defined.  
 

 
Figure 3. Scattering GUI displaying four objects. 
 

 
Figure 4. Defining ellipse parameters. 
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The excitation of the scattering problem is a plane 

wave. The user can specify the frequency and the angle of 
incidence of the wave. Current version of the program 
provides TMz polarization.  

There are two modes for the solution; the FDFD 
method, and the IMR-FDFD method. If the FDFD method 
is chosen as the solver, the whole computation domain is 
considered as a single region and region parameters shall 
be defined. This can be done using a window as shown in 
Fig. 5, and the region parameters such as cell size in x and y 
directions, number of perfectly matched layers (PML) 
acting as an absorbing boundary, and number of air buffer 
between the objects and PML boundary.  
 

 
 
Figure 5. Defining the region parameters of the 
computational domain. 

 
 
Figure 6. RCS calculated by FDFD. 
 

Once the computational domain and the excitation are 
set, and the region parameters are defined, the analysis of 
the program can be started. The analysis using the FDFD 
simulator will generate results for the far field and the near 
field electric field distribution. For instance, Fig. 6 shows 
the far field radar cross-section of the problem in Fig. 3. In 
this problem the ellipse and the rectangle are dielectric 

objects with relative dielectric constant of 6, while the 
square and the circle are perfect electric conductors. The 
frequency of the incident field is 0.3 GHz and it is angle of 
incidence   is zero relative to positive x-axis. The total near 
field distribution of the same problem is displayed in Fig. 7 
as it is calculated by the FDFD solver. The x- and y-axis 
denotes coordinates in terms of meters in the computational 
domain.  
 

 
Figure 7. Total electric field distribution. 
 

 
 
Figure 8. Sub-regions defined for IMR-FDFD. 
 

If the IMR-FDFD method is chosen as the solver the 
problem shall be set up accordingly. The IMR-FDFD 
requires division of the computational space into more than 
one sub-regions each of which contains some of the 
scatterers. In order to derive benefit from this technique, 
the objects close to each other shall be placed in the same 
sub-region while the ones away from each other shall be 
placed in separate sub-regions. For instance, the problem in 
Fig. 3 can be arranged in two sub-regions as shown in Fig. 
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8. The objects can be assigned to sub-regions using a 
window that can be accessed through “Define Regions” 
menu item of the main window, and the regions’ 
parameters can be defined using another window as shown 
in Fig. 9.  
 

 
 
Figure 9. Sub-regions definition window. 

 
Once the sub-regions are set, the analysis parameters 

shall be set as well. Being an iterative technique the IMR-
FDFD requires a maximum number of iterations, and a 
tolerance value as a stopping criterion that would determine 
the convergence of the solution. During IMR iterations, 
effect of scattered fields from a sub-region is reflected on 
the other sub-regions. It is possible to disable some of these 
interactions and the results would be coming of the enabled 
interactions only.  

The IMR-FDFD calculates the far field scattering. The 
calculated far fields are accumulated at each iteration and 
the accumulated value obtained when the convergence is 
achieved is equivalent to the far field of the whole 
computational domain solved using FDFD at one 
simulation. However, the IMR-FDFD uses less memory 
and time to achieve the same result. While the IMR-FDFD 
is running the program can display simulated results at each 
iteration, and the convergence of the accumulated results 
can be observed. For instance Fig. 10 shows the RCS of the 
problem in Fig. 3 calculated by IMR-FDFD at iteration 
number zero in which the interaction between the sub-
regions has not been taken into account yet. It can be seen 
that there is a considerable difference between the results in 
Fig. 10 and Fig. 6. On the other side, after a couple of 
iterations performed by IMR-FDFD, the result converges to 
that of the FDFD that solved the entire domain. Fig. 11 
demonstrates the good agreement between the entire 

domain simulation using FDFD and IMR-FDFD after four 
iterations.  

Users of the developed software should be aware that 
the solution technique does not yield convergent correct 
results if the separation distance between regions is much 
smaller than half wavelength.   

 
Figure 10. RCS calculated by IMR-FDFD at zero 
iteration (no interaction between sub-regions). 
 

 
 
Figure 11. RCS calculated by FDFD and IMR-FDFD 
after four iterations. 

 
4. Conclusions 
 

A graphical user interface has been developed and 
demonstrated which help the user construct a two-
dimensional electromagnetic scattering problem, solve it 
using FDFD and IMR-FDFD methods, and display the 
results. The user interface can be extended to include 
solvers based on hybrid techniques within the framework of 
IMR. Extension to 3D scattering problems will be 
addressed in a future article.  
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