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1. Introduction 
      The calculation of electromagnetic scattering from arbitrarily shaped three-dimensional conducting 
objects coated with lossy dielectric materials has been of considerable interest owing to the wide 
application of dielectric coating in a variety of radar targets. When the coating materials are 
homogeneous or piecewise homogeneous, a preferred analysis method is to use the surface integral 
equation in conjunction with the method of moment (MoM). This method avoids the discretization of 
the dielectric volumes and thus reduces the number of unknowns. Despite this, the computational 
requirement for the solution of this kind of problems is still very high because the MoM analysis 
requires ( )3NO  complexity and ( )2NO  memory. This requirement can quickly exceed computational 
limitations when modeling electrically large and/or complicated material structures. In this paper, an 
algorithm using the precorrected-FFT method is developed to deal with this problem. 
      The precorrected-FFT method is a fast method associated with NNO log)( 5.1  or less complexity. 
It was originally proposed by Philips etc. [1] to solve the electrostatic integral equation and was 
recently extended by the authors to the analysis of metallic scatterers in free space [2] and large-scale 
microstrip structures [3]. In this paper, it is further extended to the analysis of scattering from 
conducting objects coated with lossy materials. The problem is formulated by an EFIE-PMCHW 
formulation, which employs an electric field integral equation (EFIE) for the conducting surface and 
the PMCHW formulation [4] for the dielectric surface. The RWG basis functions [5] are used to 
expand both the equivalent electric and magnetic currents and also used as the testing functions to 
convert the integral equations into a matrix equation. Finally, the matrix equation is solved iteratively 
and the precorrected-FFT method is used to speed up the matrix–vector products in iterations as well 
as reduce the memory requirement. Numerical examples are presented to validate the implementation.  
 
2. Formulation 
      A general example of conducting bodies immersed in a dielectric material is shown in Fig.1 Let 

ciS , cNi L,2,1=  represent the surfaces of arbitrarily shaped conducting objects, dS  represent the 
interface between the dielectric material coating and the external medium which is usually free space. 
The composite structure is illuminated by an incident plane wave ( incinc HE , ). Introduce equivalent 
electric currents ciJ , cNi L,2,1=  on the conducting surfaces and equivalent electric and magnetic 
currents ( dJ , dM ) and ( dJ− , dM− ) on opposite sides of the dielectric surface. By enforcing the 
boundary condition of continuity of the tangential fields across each interface, a set of coupled integral 
equations can be obtained [6]: 

mailto:eleyuann@nus.edu.sg


0)]()()([ tan
22

1

2 =−+−+∑
=

d
s
cd

s
c

N

i
ci

s
c

c

MEJEJE                                         (1) 

tantan
121

1

2 |)]()()()()([ inc
dd

s
dd

s
dd

s
d

N

i
ci

s
d

c

d
s2
d EMEMEJEJEJE =−+−+−+−+∑

=
                (2) 

tantan
121

1

2 |)]()()()()([ inc
dd

s
dd

s
dd

s
d

N

i
ci

s
d

c

d
s2
d HMHMHJHJHJH =−+−+−+−+∑

=
             (3) 

where the superscript represents the medium in which the scattered fields are evaluated and the 
subscript represents the surface on which the equations are enforced. The EFIE (1) and PMCHW 
formulation (2) and (3) constitute the necessary integral equations in this work. 
      To solve for the equivalent currents, we first divide each surface into planar triangular patches and 
expand the equivalent electric and magnetic currents by the RWG basis functions )(rf ′n  [5], 
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where dN  and tN  denote the number of edges on the dielectric surface and all cN  conducting 
surfaces, respectively, cnI , dnI  and dnM  are the unknown coefficients. Testing (1) and (2) with mf  
and (3) with mη f0  result in a NN × ( dt NNN 2+= ) partitioned matrix equation given by 
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Elements of the above submatrices can be readily obtained from (1)-(3) considering the expressions of 
the electric and magnetic fields in terms of the electric and magnetic currents: 
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In the above equations, mf  and nf  represent the testing and basis functions, respectively, while mT  
and nT  denote their supports. iii εµη /=  stands for the characteristic impedance in medium i . In (6), 



we’ve already taken into account the similarities between the definitions of the vector potentials )(rAi  
and )(rFi , the scalar potentials )(riΦ  and )(riU , and rewrote all matrix elements in terms of only 
one vector potential imnA  and one scalar potential imnΦ , which enables easier description and 
implementation of the followed precorrected-FFT approach.  
 
3. Precorrected-FFT Approach  
      Implementation of the precorrected-FFT method requires the entire object enclosed in a uniform 
rectangular grid. Then the matrix–vector product can be computed in a four-step procedure: (1) project 
the element singularity distributions to point singularities on the uniform grid, (2) compute the vector 
and scalar potentials at the grid points due to the grid sources by FFT-accelerated convolutions, (3) 
interpolate the grid point potentials onto the elements, and (4) add the precorrected direct nearby 
interactions. The implementation of steps (2) to (4) is similar to that proposed in [2] although there are 
more terms to be computed and the procedure becomes much more complicated. Here we just explain 
the projection step briefly.  
 
      As can be seen from (7), there are three kinds of operators need to be projected onto the uniform 
grid, i.e., the basis function nf , which is corresponding to patch currents (either electric or magnetic), 

the divergence operator nf⋅∇  which is corresponding to patch charges (either electric or magnetic) 
and the curl operator nf×∇ , which is corresponding to imnA×∇ . The projection operators for the 

currents ( nf ) /charges ( nf⋅∇ ) are constructed by matching the vector/scalar potentials produced by 

the currents/charges at the grid points surrounding the triangular patch with that produced by the 
original current/charge distributions on that triangular patch at given test points. As for nf×∇ , we 
avoid the projection of this operator by replacing the partial derivatives of the vector potential imnA  

with the corresponding differences, which can be computed through the vector potentials at several 
vicinal points of the observation point. Knowledge of these potentials can be readily obtained through 
interpolation once the vector potentials at grid points have been computed by the FFTs. This 
simplified approach has been demonstrated to be of good accuracy. Additionally, since the Green’s 
functions will change based upon the constitutive properties for different mediums, the projection 
must be performed for each medium separately, namely, when the vector or scalar potentials in 
medium i  are to be computed, the projection operators corresponding to medium i  are constructed 
and then used to project the patch currents and charges unto the uniform grid. The detailed handling of 
the precorrected-FFT approach will be discussed at the conference. 
 
4. Numerical Results 
      Two examples are presented to validate the precorrected-FFT solution of the EFIE-PMCHW 
formulation for conducting objects coated with dielectric materials. The actual memory reduction and 
speed-up attained by this fast method has already been demonstrated in [2,3], so it is omitted here. 
      Fig. 2 shows the bistatic RCS of a coated sphere at MHzf 300= . The conducting core has a 
radius of 0.3m and the coating is uniform around the sphere with a thickness of 0.05m. The dielectric 
permittivity of the coating material is 1.00.4 jr −=ε . For the precorrected-FFT method, we set grid 
order 3=p  and the near field threshold distance to be 02.0 λ . A grid spacing of 008.0 λ  is used in 

this example. It is observed that the precorrected-FFT solution agrees very well with the MoM 
solution and the exact solution given in [7], validating the precorrected-FFT implementation.   



      The second example is a conducting disk embedded in a dielectric cylinder. The radius of the disk 
and the cylinder is 04.0 λ  and 045.0 λ respectively, and the height of the cylinder is 06.1 λ . The 
triangular patch model of the disk contains 179 edges and the dielectric cylinder contains 1914 edges, 
resulting in 4007 unknowns. The bistatic RCS obtained from the precorrected-FFT method and the 
MoM is given in Fig.3. Again perfect agreement is observed. 

 
Fig.1. Conducting bodies immersed in a dielectric material 
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                Fig. 2. Bistatic RCS of a coated sphere              Fig. 3. RCS of a disk imbedded in a dielectric material 
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