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The nonstandard (NS)-FDTD method exhibits high accuracy at fixed frequencies and thus proven to be a powerful means for the radar 

cross section (RCS) analysis of scattering objects with complex shapes and materials. To this aim, significant enhancement can be pursued 
in the combination with the FDTD total-field/scattered-field (TF/SF) concept. However, the principal implementation characteristics of the 
latter in the NS-FDTD technique have not been yet elaborately studied, especially for electrically large domains or structures. Thus, in this 
paper, a new advanced TF/SF scheme for the 3-D NS-FDTD algorithm is developed and fully investigated. Numerical results reveal that 
the proposed method, considering the features of the NS-FDTD operators, is far more efficient and versatile than the original FDTD one. 
 

Index Terms—Computational electromagnetics, electromagnetic propagation, finite difference methods, radar cross-sections. 
 

I. INTRODUCTION 
HE nonstandard finite-difference time-domain (NS-FDTD) 
technique is an advanced computational scheme with high 

isotropy and accuracy at specific frequencies [1]. Mainly, the 
method offers an intuitive numeration on Yee’s cell according to 
the main FDTD concept. So, it can be deemed suitable for the 
scattering analysis of electrically large objects [2]-[6], like the 
radar cross section (RCS) of aircrafts with complex geometry 
and material configuration. In fact, this asset has been especially 
instructive for the design of modern devices. Essentially, to 
obtain RCS, it is necessary to extract the scattered from the total 
field in the FDTD domain. To this goal, the total-field/scattered-
field (TF/SF) formulation has been widely used in conjunction 
with the FDTD framework [6]. However, the incorporation of 
the TF/SF features in the NS-FDTD method has not been 
sufficiently studied for prior problems. Based on these aspects, 
an enhanced TF/SF approach is introduced for the 3-D NS-
FDTD algorithm in this paper. The novel formulation is found 
to outperform the usual FDTD counterpart, both in accuracy 
and efficiency, as validated by various demanding applications. 

II.   DEVELOPMENT OF THE NS-FDTD TF/SF TECHNIQUE 
The NS-FDTD method uses two finite-difference (FD) opera-

tors with complementary error properties for H- and E-field 
calculations. Hence, we consider two different FD operators in 
the proposed TF/SF separation process, as well. In this context, 
the assumed-known incident fields at the TF/SF separation posi-
tions of our scheme are as follows: (a) update of En, 
 ( )num
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In (1)-(6), n is the time step, j2 = –1, ω the angular frequency, Δt    

 
 

Fig. 1. Construction of the proposed NS-FDTD TF/SF scheme. 
 
the time increment, knum the numerical wave-number in the NS-
FDTD method [7], r the position vector, (E0, H0) are the ampli-
tudes, and (E, H)subcal vectors calculated separately from NS-
FDTD calculation itself. Moreover, ∇(0) and ∇(1) are the NS-
FDTD operators, defined as  
 (*) (*) (*) (*)/ ( ), / ( ), / ( )x k x y k y z k zd S d S d S ∇ = ∆ ∆ ∆  , (7) 
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where α1,2,3 are the isotropic wave propagation parameters for 
Σαi =1, Sk(Δτ)= 2sin(kΔτ /2)/k the spatial correction functions for 
Δτ and physical wave-number k used by the NS-FD method [1], 
and ( )

xd ∗  the FD operators along x-axis (similarly for ( )
,y zd ∗ ) 
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Note that if in (3) and (6) for the (En, Hn+1/2)assumed-known inc 
values we utilize (En, Hn+1/2)analytical instead of (En, Hn+1/2)subcal, 
our generalized TF/SF model leads to the regular FDTD one. 
As depicted in Fig. 1, the scheme of (1)-(6) is applied only 
around the TF/SF separation surface. Thus, the computational 
burden of the new formulation is less than that required for the 
NS-FDTD calculation procedure itself in 3-D simulations. 
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Fig. 2. Verification model of the proposed TF/SF scheme for Lx = Ly = Lz = 6λ. 
The PEC sphere is modeled via an aggregate of cubic cells with a width of Δ. 
 

 
 

Fig. 3. Comparative bistatic RCS results for the PEC sphere of Fig. 2 with λ = 1 
m. The direction of the incident plane wave is θinc =45ο, φ 

inc = 0o, and φ 
Aspect = 0o . 

III. NUMERICAL RESULTS – DISCUSSION 
Since the optimal accuracy of the NS-FDTD method is 

attained through cubic cells, we discretize the domain of Fig. 2 
with such a grid and calculate the bistatic radar cross section 
(RCS), for an incident incEθ  generated by an airborne radar. 

A. Verification of the enhanced TF/SF scheme 
The target in Fig. 2 is a sphere of radius 2λ, comprising a 

perfect electric conductor (PEC) medium. After its 3-D NS-
FDTD simulation combined with our TF/SF scheme, Fig. 3 
gives the bistatic RCS results, where the analytical solution 
comes from a sphere with a smooth surface [8]. Note that the 
evaluated cell sizes vary as Δ = λ/10 to λ/40. Evidently, the 
agreement with the analytical outcome increases as the lattice 
becomes finer, a fact which proves the validity of our TF/SF 
formulation. Also, considering the accuracy of the NS-FDTD 
method, it can be concluded that the computed results attain a 
sufficient staircase approximation of the sphere via the Δ cells. 

B. TF/SF implementation in electrically large regions 
Next, the novel TF/SF scheme is applied to the bistatic RCS 

analysis of the PEC sphere in an electrically large area with Δ 
= λ/10, Lx = Ly = 10λ and 40λ, and Lz = 6λ. For our validation, 
the result of Fig. 2 with Δ = λ/10 is used as a reference. In this 
context, Fig. 4 presents the results, where “Direct” in the 
legend indicates that the outcomes were obtained by means of 
(En, Hn+1/2)analytical instead of (En, Hn+1/2)subcal in (3) and (6). As 
observed, both our TF/SF and “Direct” plots are in very good 
coincidence with the reference results for the Lx,y = 10λ case. 
However, for Lx,y = 40λ, the “Direct” solution generates some 
undesired scattering waves at θ ≈ – 45ο, 135ο, – 75ο, and 105ο.  

 
 

 
 

Fig. 4. Bistatic RCS for the PEC sphere of Fig. 2 with λ = 1 m in an electrically 
large area. The direction of the incident wave is φ 

inc = 0o and φ 
Aspect = 0o . 

 
Moreover, in the FDTD solution a noticeable pattern distortion 
arises. Overall, the featured algorithm outperforms the “Direct” 
and the FDTD scheme, yet it exhibits some slight discrepancies 
at θ ≈ – 75ο and 105ο, as shown in Fig. 4(b). Hence, particular 
attention is required for the choice of the reflection directions on 
the TF/SF separation surface. To eliminate these artifacts, the 
scattered field is calculated separately without the target and 
then subtracted from the result in the presence of the target. 
Although this process is steady, it needs twice the overhead of a 
typical simulation and hence it should be used only at particular 
observation angles. The prior analysis certifies the efficiency of 
the advanced 3-D NS-FDTD TF/SF technique and justifies its 
potential applicability in even more demanding configurations.  
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