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Abstract This paper presents a new technique to solve large electromagnetic scattering 
problems, based on dividing the computational domain into smaller sub-domains and 
solving each sub-domain separately. Then after performing a number of interactions 
between the sub-domains, the solution for the complete domain can be defined. An 
iterative approach using the FDFD method is presented here to solve this class of 
problems that can be divided into separated sub-domains. 
 
Introduction 

Numerical analysis of large-scale electromagnetic problems requires large 
computer memory and long computation time. One of the approaches to overcome this 
problem is to divide the computational domain into smaller sub-domains and then to 
combine the sub-domain solutions after introducing the effect of interactions between 
these sub-domains. Among the available techniques that tackle one class of these large-
scale problems is the domain decomposition method (DDM) [1-6], which in general 
requires either common boundaries or overlapping regions between the sub-domains.  

 
In this paper, we present a new technique based on the finite difference frequency 

domain (FDFD) method and an iterative procedure between the sub-domains to calculate 
the scattering from multiple objects similar to that described in [7]. The problem is 
decomposed into separated sub-domains, each sub-domain containing a scatterer or a 
group of scatterers. In each sub-domain, the scattered electromagnetic near fields are 
calculated due to the incidence of a time-harmonic wave, using the FDFD method. Then 
fictitious electric and magnetic currents on imaginary surfaces surrounding the objects in 
these sub-domains are calculated, using the equivalence principle. Radiated fields by 
these currents are then considered as incident fields on the opposing sub-domains. The 
same procedure of calculating the sub-domain field components, the fictitious currents 
and the radiated fields on the opposing domains is repeated iteratively until a 
convergence criterion is achieved. The iterative procedure developed here is similar to 
the procedure denoted as Iterative Field Bouncing (IFB) method and described briefly in 
[8].     

 
The procedure presented in this paper, referred to as Iterative Multi-Region 

(IMR) technique, requires solution of fields in the sub-domains a number of times instead 
of one solution of the complete domain. This technique effectively reduces the size of the 
required memory, especially for practical and three-dimensional problems. Furthermore, 
the CPU time reduction can be achieved if the separation between the sub-domains is 
large and/or coarser grids are used in some of the sub-domains, which may not be 
possible to use if only one domain is used for the solution of the problem. In this paper 
the application of this technique will be applied on two-dimensional scatterers.   
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Two-Dimensional FDFD Formulation 
Starting from Maxwell’s equations for the total electric and magnetic fields and 

by separating the total field into incident and scattered field components, we obtain 
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where the superscripts i and s are used to denote the incident and scattered fields, and the 
incident field satisfies Maxwell’s equations, such that 
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Substitution of equations (2) into (1) yields  
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The sE in equation (3) can be written for the z-component of the scattered electric field 
in the form  
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By substituting Hx and Hy, expressed in terms of the z-component of the scattered electric 
field into equation (4), and after using the central finite difference approximation, 
equation (4), takes the following general form 
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where the subscript “z” and the superscript “s” are omitted for simplifying the 
presentation of the equation, and the coefficients a, b, c, d, and e are defined as  
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Iterative Procedure Between Multiple Domains 

The iterative technique developed here is based on dividing the original 
electromagnetic scattering problem of a large domain into smaller problems in separated 
sub-domains and then an interaction between the small problems is to be taken into 
consideration. The procedure is as follow, divide the original problem domain into sub-
domains, where the scattered electromagnetic fields due to an incident wave are 
calculated separately in each sub-domain by the FDFD method. Then, fictitious electric 
and magnetic currents are calculated over imaginary surfaces surrounding the objects in 
each sub-domain, based on the equivalence principle. The electromagnetic fields radiated 
by these currents are calculated at the other sub-domains grid nodes. Then these fields are 
considered as the new excitation for that domain and the cycle of calculation of scattered 
fields, fictitious currents and radiated fields are repeated as a new iteration. The iteration 
process between domains continues until a 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.  

 



Numerical Results 
Figure 1 shows the geometry of a two-dimensional TMz problem of two, one 

conducting and one dielectric, cylinders of circular cross-section separated by a distance 
0.4 λ, where λ is the free space wavelength, assumed to be equal to 1 m in this analysis. 
The conductive cylinder has a radius of 0.1 λ while the dielectric cylinder radius is 0.5 λ, 
the latter has relative permeability µr = 1 and relative permittivity εr = 5. The problem in 
Fig. 1 is used to verify the validity of the IMR technique described in this paper, since a 
rigorous solution of this problem can be obtained by the boundary value solution (BVS) 
presented in [9]. Figure 2 shows the bistatic echo width calculated from the scattered Ez 
field component for the problem illustrated in Fig. 1, where the two cylinders are excited 
by a TMz plane wave with φi = 900. The data in Fig. 2 are computed using three different 
methods; first, the boundary value solution (BVS), second the FDFD solution for the full 
domain and third the IMR procedure using FDFD in each sub domain. It can be seen that, 
the IMR technique results converge to the full domain and the BVS solutions after 6 
iterations. Due to the flexibility in discretizing the sub-domains, different cell sizes are 
used for the two sub-domains; the cell size used in the left domain is 2 cm on a side, 
while it is 1 cm on a side in the right sub-domain while, the cell size used in the full 
domain solution is 1 cm on a side. The number of cells in the full domain is 27800 while 
the total number of cells in the two sub-domains is 11402. Therefore, 59 % memory 
reduction in the storage requirements for this problem configuration is achieved by using 
the IMR technique. 
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Fig. 1. Geometry of one conducting and 
one dielectric cylinder. 

Fig. 2. Comparison of the far field using BVS, 
FDFD for the full domain and FDFD 
for sub-domains after 2, 4, and 6 
iterations for the problem defined in 
Fig. 1. 

 
 
 
 
 
 Figure 3 shows a composite structure of two objects. The first is a non-magnetic 
rectangular dielectric cylinder having relative permittivity equal to 5 embedded in a U 
shaped conductor plate. The second object is a magnetic circular cylinder of relative 
permittivity equal to 8, relative permeability equal to 2 and radius equal to 0.25λ is 
placed at 0.75λ away from the first object. This configuration is excited by a TMz plane 
wave with φi = 900. Shown in Fig. 4 is a 2-D plot representing a cut along the center of 
the domain for the total Ez field component, that is calculated from the full domain 
problem and compared to that generated from the results of the sub-domains. Good 
agreement is achieved with 22 % reduction in memory size requirement for this problem.  
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Fig. 3. Geometry of a test configuration. 
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 Fig. 4. Comparison of the total near

field generated along the S-S
plane cut shown in Fig. 3.  

 
 
Conclusions 
 In this paper an iterative multi-region technique is proposed to solve large-scale 
electromagnetic problems that can be decomposed into separate sub-domains using the 
FDFD method. This new approach is found to be efficient in producing accurate results 
with moderate saving in computer memory usage for two-dimensional problems. The 
extension to three-dimensional problems is under investigation. 
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