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1. Introduction 
The purpose of this paper is to show an analysis method for a radar cross section (RCS) of targets 

with the radome composed of frequency selective surface (FSS). The FSS radome is widely used on 
many airplanes and ships [1] in order to reduce RCS. For RCS of the radome, several analysis 
methods have been reported based on the method of moments (MoM) [2]-[4]. Clearly, these methods 
can analyze the RCS of the FSS radomes. However, these methods have to use large computer 
memory and large calculation time when applying actual size radomes. On the other hands, we have 
studied an analysis method based on the shooting and bouncing rays (SBR) method [5] for such 
problems [6].  

In this paper, we propose the simple analysis method based on the SBR method for analyzing the 
RCS of the target with FSS radomes.  
 
2. Analysis Procedure 

The procedure of analysis proposed here is as follows:  
(1) We derive reflection and transmission characteristics of the FSS. These parameters can be 
calculated by applying the MoM. 
(2) The scattered field of the target (scatterer and FSS radome) can be obtained by the SBR method. 
The above parameters are used as the reflection and transmission coefficients of the radome on ray 
tracing. 

The reflection and transmission characteristics of FSS can be obtained as follows [7]:  
(I) We expand the electric fields using the vector Floquet modes. 
(II) We obtain the reflected and transmitted fields by solving the simultaneous integral equations using 

the MoM. 
(III) We derive the reflection and transmission coefficients by normalizing with the incident field. 
   After obtaining the reflection and transmission coefficients, we can calculate the total backscattered 
field based on SBR method by using these coefficients on ray tracing. The detail procedure of the 
derivation is described in [6]. 
 
3. Experiment 

We perform the monostatic RCS experiment for the test target to verify the proposed analysis 
method. For the experiment, we have prepared two types of FSS, named �FSS1� and �FSS2�. Figure 1 
shows the summary of the surface element pattern of the FSS1 and FSS2. FSS1 consists of the 
periodic dielectric ring shape elements on the metallic plate, while FSS2 consists of the periodic 
dielectric cross shape elements on the metallic plate. We summarize the electric characteristics of the 
dielectrics in Table 1. Fig.2 shows the section structure of the FSSs.  Fig. 3 shows configuration of 
the test target, consists of the FSS plate on the aperture of metallic trihedral corner reflector (TCR). 
The aperture is being kept perpendicular to the X axis and the bottom side is parallel to the Y axis.  

Figs. 4 and 5 show frequency characteristics and RCS angular pattern at 10GHz of the TCR with 
FSS1, respectively. The incident and observation direction is the same, θ = 90 deg. and φ = 0 deg. 
Both the measured and calculated components of the electrical fields are theta components Eθ. The 
radome aperture of the test target is being kept perpendicular to the ground (X-Y plane). The solid line 
and dashed line denote the measured and calculated RCS values respectively. In Fig.4, clear difference 
between calculated and measured data can be observed above 11GHz. On the contrary, the calculated 
and measured data of the angular pattern in Fig.5 are in good agreement. 
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 Figs. 6 and 7 show frequency characteristics and RCS angular pattern at 10GHz of the TCR with 
FSS2, respectively. The incident and observation direction is the same, θ = 90 deg. and φ = 0 deg. 
Both the measured and calculated components of the electrical fields are phi components Eφ. In Fig.6, 
the calculated and measured data are in good agreement except for the difference of resonant 
frequency. Similarly, the calculated and measured data of the angular pattern in Fig.7 are in good 
agreement. 
 
4. Conclusions 

The authors proposed the simple analysis method for target with radome composed of FSS based 
on the SBR method. Also, the authors confirmed effectiveness of this method for the FSS radomes by 
the experiment. 
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Fig. 1: Summary of the FSS radome. 
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Parameter FSS1 FSS2 

Permittivity 3.55 2.60 

Dissipation 
Factor 

0.003 0.002 

Thickness 4.0mm 1.6mm 

 

Table. 1: Electric Characteristics  of the
dielectric of FSS. 
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Fig. 3: Test target configuration.  

Fig. 4: Frequency characteristics of the reflector with the radome of FSS1. 
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Fig. 2:  Sectional structure of the FSS1 and FSS2. 
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Fig. 6: Frequency characteristics of the reflector with the radome of FSS2. 

Fig. 5: RCS angular pattern of the reflector with the radome of FSS1. 

Fig. 7: RCS angular pattern of the reflector with the radome of FSS2. 
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