
Majlesi Journal of Electrical Engineering                                                                                Vol. 15, No. 2, June 2021 

 

47 

Paper type: Research paper  

DOI: https://doi.org/10.52547/mjee.15.2.47 

How to cite this paper: M. Samadpour Hendevari, A. Pourziad and Saeid Nikmehr, “Comparison of Scattering from 

Electrically Large PEC and PMC Targets Coated with Uniaxial Dielectric Medium Based on Asymptotic Solution 

in Spectral Domain”, Majlesi Journal of Electrical Engineering, Vol. 15, No. 2, pp. 47-52, 2021. 

 

Comparison of Scattering from Electrically Large PEC and 

PMC Targets Coated with Uniaxial Dielectric Medium based 

on Asymptotic Solution in Spectral Domain 

 
Maryam Samadpour Hendevari1*, Ali Pourziad1, Saeid Nikmehr1  

1-Department of Electrical and Computer Engineering, University of Tabriz, Tabriz, Iran. 

Email: samadpour@tabrizu.ac.ir (Corresponding author) 

Email: ali_pourziad@tabrizu.ac.ir 

Email: nikmehr@tabrizu.ac.ir 

 

Received: August 2020  Revised: November 2020  Accepted: January 2021 

 

 

ABSTRACT: 

In this paper, electromagnetic (EM) scatterings from electrically large Perfect Electric Conductor (PEC) and Perfect 

Magnetic Conductor (PMC) targets coated with Uniaxial Electric Anisotropic Medium (UEAM) layer are evaluated and 

compared. The effect of the coating layer’s parameters including εu, εv and the thickness (d) are studied. It is shown that 

radar cross section (RCS) of a PMC with UEAM coating is less than that of PEC with the same coating. In some cases, 

about 20 dB reduction in RCS has been obtained for UEAM coated PMC plate. 
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1.  INTRODUCTION 

Scattering from various electrically large targets 

have been attracted much attention, specially, large PEC 

targets coated with dielectric layer are investigated to 

reduce or modify their RCS. There are several methods 

to reduce the RCS such as lossy resistive coating [1], 

utilizing chemical absorbing materials [2], creating 

discrepancies on the geometrical shape of the structure 

[3], and coating the target by anisotropic dielectric layer 

[4-7]. Among the above mentioned methods, anisotropic 

coating is applicable for both RCS reduction and RCS 

modification, without any additional lossy material or 

shape modification [8]. 

As it is well known, PEC and PMC structures reflect 

the whole incident EM wave, which this reflection 

results in larger RCS than other structures. In [9], it has 

been shown that while the Salisbury absorber which if it 

is designed on PEC surfaces has thickness of 4 , it 

will be thin when PEC is replaced by PMC. 

Since Sievenpiper introduced the first High 

Impedance Surface (HIS) as Artificial Magnetic 

Conductor (AMC) [10], AMCs have attracted the 

interests of researchers [11-13]. Therefore, applications 

of PMC which seemed to be unpractical for decades, 

attract interests of researchers again [14]-[16]. One of 

the most important applications of HIS-based AMC 

structures is RCS reduction in checkerboard 

configuration [17]. However, to the best of the authors’ 

knowledge, RCS reduction of PMC plates using UEAM 

coating method is not studied in the literature. In this 

study, the challenge is that “what is the effect of UEAM 

coating on RCS of PEC and PMC surfaces? Could it be 

said that for RCS reduction with thin UEAM coating, 

PMC is more successful than PEC?” 

It has been shown in the literature that UEAM coating 

can modify the RCS of a PEC target [8]. In this paper, 

both PEC and PMC targets coated with UEAM layer are 

studied and compared. Since most of commercial 

Electromagnetic softwares are not suitable for 

evaluation of scattering from electrically large PEC and 

PMC targets coated with UEAM layer, a numerical 

solution must be developed. In order to have fare 

comparison between RCS of UEAM coated PEC and 

PMC plates, the method introduced in [8] is developed 

for PMC in this paper. Also, acceptable accuracy besides 

less calculation time are two important factors in 

selecting the solution method. 

The paper is organized as follows. In section 2, 

scattering from PMC coated with UEAM layer based on 

asymptotic solution in spectral domain is evaluated for 

the first time. The effects of UEAM coating parameters 

including
u , 

v  and the thickness on RCS of PEC and 
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PMC targets are studied and compared in section 3. It is 

shown that UEAM coating on PMC results in more RCS 

reduction than PEC. In some cases, about 20 dB 

reduction in RCS is obtained. The paper is closed with 

conclusions in section 4. 

 

 
Fig. 1. Planarly stratified model of coated PEC (or 

PMC) plate. 

 

2.  REFLECTION FROM INFINITE COATED 

PMC PLATE 

Fig. 1 shows the planarly stratified model of a coated 

PEC or PMC plate. Here, î  and r̂  specify the unit 

incident and reflection vectors, while   and   are the 

elevation and azimuth angles of incidence, respectively. 

The top surface of the coating is supposed to place at

0n  . In this study, the optic axis of the UEAM is û  

according to Fig. 1. Hence, the relative permittivity and 

permeability tensors of the UEAM are 
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As reported in the literature [17], there are two types 

of waves in anisotropic medias, type I and type II. In 

UEAM, both of them satisfy Maxwell’s equations. 

General form of the EM fields in the UEAM layer 

(region 1), 1( )E r  and 0 1( )H r , are derived in [8] and 

are repeated here for the sake of completeness, as 

follows 
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Where, the superscripts + , - indicate the partial EM 

waves propagating in n̂  and n̂  directions, 

respectively. The amplitude of waves are denoted by 

, ,iA i I II  to determine the type of waves. 

Furthermore, ˆ ˆ ˆ
u v nk k u k v k n     in which

2 2 2

0nI v u vk k k k   , 2 2 2

0 ( )nII u u v u vk k k k     . 

In Eqs. (2)-(3), by substituting the 
u  and 

v  by 1, 

and 
nIk  and 

nIIk  by 2 2 2

0 0n u vk k k k   , EM fields in 

the air (region 0) can be obtained. The result is reported 

in [8] and again it is represented here for the sake of 

completeness. 
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It is obvious that 
0IA and 

0IIA describe the incident 

wave, while
0IA , 0IIA determine the complex amplitudes 

of scattered waves from the whole structure into the air. 

By applying the boundary conditions at both sides of the 

coating, the amplitude of scattered fields (
0IA , 0IIA ) can 

be deduced. 

The scattered waves from the PEC coated with 

UEAM are obtained in [8]. To find the scattered waves 

from the PMC coated with UEAM, the boundary 

conditions are as follows 
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After some calculations, the scattered wave 

amplitudes in terms of the incident wave amplitudes are 

obtained as follows 
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According to [8], the reflection matrix ( R ) of the 

structure can be obtained and by determining R , the 

scattered fields can be calculated. For the sake of 

brevity, the details are avoided to be represented here. 

Considering that 
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In which, 
cr is the origin of discretized facet on the 

surface, 
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     That 
0 sin cosuk k    and 

0 sin sinvk k   . 

 

3.  STUDY OF UEAM COATING PARAMETERS 

ON RCS OF PEC AND PMC PLAES 

The monostatic RCS of a 
0 010 5   PEC plate 

coated with UEAM layer is compared with that of the 

PMC plate with the same coating. In the whole paper, 

from here onwards, it is assumed that the incident wave 

is   polarized and 0  . The other incident angle (  ) is 

in the range ( 0,90 ). 

Fig. 2 (a) shows the RCS of the PEC plate coated with 

00.1  thick UEAM layer, with 1v   for several values 

of
u . It can be seen that by increasing the value of

u , 

RCS is increased, too. The differences between RCSs 

are seen mostly for  in (40 ,60 ).   

RCS of the PEC plate coated with 
00.25  thick 

UEAM layer, with 1v   for several values of
u is 

shown in Fig. 2 (b). Although RCS variation is somehow 

irregular due to the large thickness of the coating, RCS 

is decreased by increasing
u . The RCS of the structure 

with 10u   is about 15 dB less than that of 2u   for 

 in (50 ,60 ).  

Fig. 2 (c) and (d) indicate the RCSs of PMC plates 

coated with UEAM layer, with 1v   for several values 

of
u with 

00.1  and 
00.25  thick coating layers, 

respectively. For
00.1d  , increase in 

u  results in 

decrease in RCS. The difference of RCSs for 
10u 

 

and 
2u 

 is more than 8 dB for 


 in
(46 ,61 )

. For

00.25d 
, variation is not regular, again, due to the 

thicker coating. However, by increasing u , decrease in 

RCS is seen in general. The comparison results of the 

above discussions are summarized in Table 1. 

 

 
(a) 

 
(b) 

 
(c) 
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(d) 

Fig. 2. RCS of a 
0 05 10  , ( {2,5,10}u  , 1v  ),(a) 

PEC plate,
00.1d  , (b) PEC plate,

00.25d  , (c) 

PMC plate, 
00.1d  , (d) PMC plate, 

00.25d  . 

 

Fig. 3 (a)-(d) illustrate the RCSs of PEC and PMC 

Plates coated with 1u   for several values of
v , with 

00.1 and 
00.25 coating thicknesses, respectively. The 

results show that except for the case of PMC with 0.25

coating thickness, RCS of PEC and PMC plates do not 

change when 
v  varies. At this case, RCS is reduced 

more than 5 dB for  in (50 ,62 )  by increase in
v . 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 3. RCS of a 
0 05 10  , ( 1u  , {2,5,10}v  ), 

(a) PEC plate,
00.1d  , (b) PEC plate,

00.25d  , (c) 

PMC plate, 
00.1d  ,  (d) PMC plate, 

00.25d  . 

 

 

 
Fig. 4. RCS of a 

0 05 10   PEC plate (
00.1d  , 

{2,4,8}u  , {2,4,8}v  ). 

 

 

 
 

Fig. 5. RCS of a 
0 05 10   PMC plate (

00.1d  , 

{2,4,8}u  , {2,4,8}v  ). 
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Fig. 6. Comparison of minimum RCS of

0 05 10   

PEC and PMC plates. 

 

Table 2 summarizes the comparison results of Figs. 

3 (a)-(d). 

The variations of RCS of the coated PEC and PMC 

plates with 
00.1d   while none of 

u  and 
v  are 1, are 

shown in Fig. 4 and Fig. 5, respectively. It is observed 

that while any increase in each of UEAM parameters 

results in increase of the PEC plate RCS, the RCS of 

PMC plate reduces. Furthermore, the RCS variation for 

PEC are almost negligible, while for PMC, RCS 

reduction is considerable, especially for   in the range 

(40 ,70 ).  The details of RCS variations with respect to 

each parameter are represented in Table 3. 

In order to clarify the differences of RCS for PEC and 

PMC cases, the minimum RCSs of each case at this 

study are plotted together in Fig. 6 and are compared 

with RCS of PEC and PMC plates without coating. More 

than 5 dB reduction in RCS is obtained for  in

(43 ,64 ) and 23 dB reduction at 55   as the smallest 

RCSs of coated PEC and PMC plates (in this study) are 

compared. 

 

Table 1. Effect of 
00.1d  thick UEAM coating 

parameters on RCS of PEC and PMC plates. 

00.1d   RCS (PEC) RCS (PMC) 

u   , 1v       

1u   , 
v    (with small 

variations) 

 (almost no 

variation) 

 

Table 2. Effect of 
00.25d   thick UEAM coating 

parameters on RCS of PEC and PMC plates. 

00.25d   RCS (PEC) RCS (PMC) 

u   , 1v     (irregular)   (irregular) 

1u   , v    (almost no 

variation) 

  

 

Table 3. Effect of 
00.1d  thick UEAM coating 

parameters on RCS of PEC and PMC plates 

( {2,4,8}u  , {2,4,8}v  ). 

00.1d   RCS (PEC) RCS (PMC) 

2u   , 
v        

u   , 2v       

 u v        

4u   , 
v       

u   , 4v       

8u   , 
v   Irregular Irregular 

u   , 8v       

 

At 55  , also, the minimum RCS of PMC coated 

plate is 27 dB less than RCS of the uncoated PMC plate, 

while the minimum RCS of PEC coated plate is 5.5 dB 

more than RCS of the uncoated PEC plate. As the results 

show, UEAM dielectric coating on PEC plate, can 

modify the RCS, but it does not reduce it, while for 

PMC, it can reduce the RCS very well. 

It should be noted that although the method used in 

this study has the capability to consider lossy coating 

layer, too, we have avoided lossy materials as coating. 

As it is well known, lossy materials can result in RCS 

reduction of the target by attenuating the scattered EM 

waves. Hence, in order to see the pure effect of UEAM 

dielectric coating on PEC and PMC plates, only the 

lossless values for u  and v  have been considered. 

 

4.  CONCLUSION 

In this paper, EM scatterings from electrically large 

PEC and PMC targets coated with UEAM layer have 

been evaluated and compared. The effects of the coating 

layer’s parameters including
u , 

v  and the thickness (d) 

have been studied. It is shown that any increase in 

parameters of thin UEAM coating results in RCS 

reduction of PMC plates. More than 5 dB reduction in 

RCS is obtained for  in (43 ,64 ) and 23 dB reduction 

at 55   as the smallest RCSs of coated PEC and PMC 

plates (in this study) have been compared. 

 

5.  ACKNOWLEDGMENT 

M. Samadpour Hendevari thanks Dr. Ehsan 

Khodapanah for his valuable assistance. 

 

REFERENCES 
[1] K. Bhattacharyya, and S. K. Tandon, “Radar cross 

section of a finite planar structure coated with a 

lossy dielectric, ” IEEE Trans. Antennas Propag., 

Vol. 32, No. 9, pp. 1003–1007, 2014. 

[2] Y. Fan, H. Yang, X. Liu, H. Zhu, and G. Zou, 

“Preparation and study on radar absorbing 



Majlesi Journal of Electrical Engineering                                                                                Vol. 15, No. 2, June 2021 

 

52 

 

materials of nickel-coated carbon fiber and flake 

graphite, ” Journal of Alloys and Compounds, Vol. 

461, pp. 490-494, 2008. 

[3] F. C. Smith, “Edge coatings that reduce monostatic 

RCS, ” IEE Proc.-Radar Sonar Navig., Vol. 149, No. 

6, pp. 310-314, Dec. 2002. 

[4] E. F. Knott, J. F. Shaeffer, and M. T. Tuley, Radar 

Cross Section. Raleigh, NC, USA, SciTech Pub., 2004. 

[5] D. Colton and P. B. Monk, “Target identification of 

coated objects, ” IEEE Trans. Antennas Propag., Vol. 

54, No. 4, pp. 1232–1242, Apr. 2006. 

[6] H. Mosallaei and Y. Rahmat-Samii, “RCS reduction 

of canonical targets using genetic algorithm 

synthesized RAM, ” IEEE Trans. Antennas Propag., 

Vol. 48, No. 10, pp. 1594–1606, Oct. 2000. 

[7] H. T. Chen, G. Q. Zhu, and S. Y. He, “Using genetic 

algorithm to reduce the radar cross section of three-

dimensional anisotropic impedance object, ” Prog. 

Electromagn. Res. B, Vol. 9, pp. 231-248, 2008. 

[8] J.-J. Yao, S.-Y. He, Y.-H. Zhang, H.-C. Yin, C. Wang, 

and G.-Q. Zhu, “Evaluation of scattering from 

electrically large and complex PEC target coated 

with uniaxial electric anisotropic medium layer 

based on asymptotic soulution in spectral domain, 

” IEEE Trans. Antennas Propag., Vol. 62, No. 4,  pp. 

2175–2186, Apr. 2014. 

[9] N. Engheta, “Thin absorbing screens using 

metamaterial surfaces,” In IEEE Antennas and 

Propagation Society International Symposium (IEEE 

Cat. No. 02CH37313), IEEE, Vol. 2, pp. 392–395, 

2002. 

[10] D. Sievenpiper, L. Zhang, R. FJ. Broas, N. G. 

Alexopolous, and E. Yablonovitch, “High-impedance 

electromagnetic surfaces with a forbidden 

frequency band, ” IEEE Trans. Microw. Theory 

Techn., Vol. 47, No. 11, pp. 2059-2074, 1999. 

[11] A. Erentok, P. L. Luljak, and R. W. Ziolkowski, 

“Characterization of a volumetric metamaterial 

realization of an artificial magnetic conductor for 

antenna applications,” IEEE Trans. Antennas 

Propag., Vol. 53, No. 1, pp. 160–172, Jan. 2005. 

[12] S. M. Hashemi, S. A. Tretyakov, M. Soleimani, and C. 

R. Simovski, “Dual-polarized angularly stable high-

impedance surface,” IEEE Trans. Antennas Propag., 

Vol. 61, No. 8, pp. 4101–4108, Aug. 2013. 

[13] K. T. Chandrasekaran, M. F. Karim, Nasimuddin, and 

A. Alphones, “CRLH structure-based high-

impedance surface for performance enhancement 

of planar antennas, ” IET Microwaves, Antennas & 

Propagation, Vol. 11, No. 6, pp. 818–826, 2016. 

[14] J. Chen, Z. Hu, G. Wang, X. Huang, S. Wang, X. Hu, 

and M. Liu, “Highimpedance surface-based 

broadband absorbers with interference theory, ” 
IEEE Trans. Antennas Propag., Vol. 63, No. 10, pp. 

4367–4374, Oct. 2015. 

[15] M. Paquay, J. -C. Iriarte, I. Ederra, R. Gonzalo, and P. 

de Maagt, “Thin AMC structure for radar cross-

section reduction, ” IEEE Trans. Antennas Propag., 

Vol. 55, No. 12, pp. 3630–3638, Dec. 2007. 

[16] A. Balanis, M. A.  Amiri, A. Y. Modi, S. Pandi, and C. 

R. Birtcher, “Applications of AMC-based 

impedance surfaces, ” EPJ Appl. Metamat., Vol. 5, 

No. 3, 2018. 

[17] A. Ghayekhloo, M. Afsahi, and A. A. Orouji, “An 

Optimized Checkerboard Structure for Cross-

Section Reduction: Producing a Coating Surface 

for Bistatic Radar Using the Equivalent Electric 

Circuit Model, ” IEEE Antennas Propag. Mag., Vol. 

60, No. 5, pp. 78-85, Oct. 2018. 

[18] W. C. Chew, Waves and Fields in Inhomogeneous 

Media. Piscataway, NJ, USA, IEEE Press, 1999. 

 


