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Abstract—The accuracy of Modified Edge Representation in 

surface-to-line integral reduction of Physical Optics is 
investigated in total field. Only the diffraction components is 
separated and compared between two results given by MER line 
integration and PO surface integration as the changing of the 
scatterer surface curvature. 

I. INTRODUCTION 
The Modified Edge Representation (MER) [1] is the 

concept to be used in the surface-to-line integral reduction [2], 
[3], [4] for computing the scattered field given by PO surface 
radiation [5] integrals which is one of the high frequency 
asymptotic techniques in diffraction analysis. The surface-to-
line integral reduction is important for reducing the 
computation and extracting the diffraction components. It has 
been verified that the surface integral of PO currents is 
uniformly reduced into a MER line integration in higher 
frequency case on the flat scatterer, if no inner SPP [6]. If SPP 
exists inside, PO surface integrals will be reduced into two 
MER line integrals by using high frequency approximation 
and Stokes’ theorem; one is the integration along the 
periphery of the scatterer generating the diffracted field while 
another is the infinitesimally small indentation around inner 
Stationary Phase Point (SPP) producing the reflected field as 
shown in Fig 1 [7]. The latter one from SPP equals to 
Scattering Geometrical Optics (SGO) if the reflected wave is 
spherical has been shown in [8], and the correction term in 
analytical form has been derived if the reflection has the 
aberration [9]. In this paper, the accuracy of diffraction 
components calculated by MER and PO has been investigated 
depending on surface curvature of the scatterer. 

 
 
 
 
 
 
 
 
 
 

 
Fig. 1.  Surface to line integral reduction by EECs defined in MER. 

II. MODIFIED EDGE REPRESENTATION AND PHYSICAL OPTICS 

A. Modified Edge Representation Line Integration 

MER line integration is an alternative methodology for the 
PO radiation pattern calculation of surfaces as shown in Fig. 2.  

 

 

 

 

 

 

 

 

 
Fig 2 Parameters used in MER line integration. 

The waves reflected from inner SPP and diffracted from 
periphery of the scatterer are defined by the MER line 
integration as, 
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the MER unit vector τ̂  is defined as, 

( )ˆ ˆ ˆ 0i or r τ+ ⋅ =  ; ˆ ˆ 0n τ⋅ =                    (2) 

equivalent electric and magnetic line currents along the actual 
edge t̂   are defined using the modified edge vector τ̂  as, 
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ôr

t̂

t̂t̂

t̂ τ̂

τ̂

τ̂

τ̂

MER MERJ ,M

J

source observer

t̂

n̂

îr
ôr
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It was also confirmed that PO surface integration can be 
well approximated to MER line integration if only the 
radiation term is used in the definition of iH  in (3). 

B. Physical Optics 

In PO, the scattering wave S

POE  is expressed as the surface 
radiation integral of the currents on the scatterer as, 
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where or   is the distance from the integration point to the 

observer and POJ   is PO surface current, n̂  is the unit vector 
normal to the surface. The diffracted wave given by PO can be 
calculated by S

PO SGOE E− , where SGOE  gives the reflection 
components expressed as, 
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where GO reflected contribution is given by [10], 
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GO considers an astigmatic ray which leaves from the 
reflection point SPP, as shown in Fig. 3 and Fig. 4. or  
measured from the SPP. The spreading factor of the ray 
depends on principal radii of curvature 1

rρ   and 2
rρ   of the 

reflected ray can be expressed as,  
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where 1 2,i iρ ρ   is principal radii of curvature of incident wave 
front, 

2 2
2 1

1 1 2

22 2
2 1

2
1 2 1 2

2 2
2 1

2 1 2

22 2
2 1

2
1 2 1 2

sin sin1 1
cos

sin sin1 4
cos

sin sin1 1
cos

sin sin1 4
cos

f a a

a a a a

f a a

a a a a

θ θ
φ

θ θ
φ

θ θ
φ

θ θ
φ

⎛ ⎞
= +⎜ ⎟

⎝ ⎠

⎛ ⎞
+ + −⎜ ⎟

⎝ ⎠

⎛ ⎞
= +⎜ ⎟

⎝ ⎠

⎛ ⎞
− + −⎜ ⎟

⎝ ⎠

    (8) 

where 1a , 2a  is radii of curvature of the reflecting surface, 

1θ  , 2θ  is angle between the direction of the incident rays ir   

and 1u , 2u  which is unit vector in the principal direction of 

scatterer at SPP with principal radius of curvature 1a , 2a . 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3.  GO Reflected ray tube. 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Fig. 4. Local geometry of the surface. 
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ôr

îr
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îr

2
iρ

1
iρ

n̂
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III. AGREEMENT BETWEEN MER AND PO IN DIFFRACTION AND 
ITS DEPENDENCE UPON SURFACE CURVATURE 

per
MERE  and SPP

MERE  in (1) express the diffracted (from the 
periphery) and reflected (from the inner SPP) terms 
respectively. The diffraction components calculated by per

MERE  

and S

PO SGOE E−  are compared in Fig. 5 and Fig. 6 
respectively comes from the convex scatterer model as shown 
in Fig. 7 and concave model in Fig. 8. 

It has been found that the difference appears obviously if 
the observer located at RB in convex scatterer case, but is 
extraordinarily small in concave scatterer one. Then the 
amplitude of diffraction observed at  RB for various surface 
curvature is drawn in Fig. 9,  where the curvature with minus  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. Diffraction field generated from convex scatterer. 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. Diffraction field generated from convex scatterer. 

sign implies that the surface is concave as Fig. 10, and convex 
scatterer if curvature is the plus value as Fig. 11. 

We found that the agreement of diffractions given by MER 
and PO is better in concave scatterer case than in convex one, 
as it gives us the same conclusions from Fig. 5 and Fig. 6. 
With the increasing of the surface curvature, the error between 
MER and PO is also arising in convex scatterer case. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 7. Convex scatterer form partial sphere. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 8. Concave scatterer form partial sphere. 

0 50 100 150

-70

-60

-50

-40

-30
R=45λ, source(0,0,50λ), ro=5000λ

D
iff

ra
ct

io
n 

co
m

po
ne

nt
s 

A
m

pl
itu

de
 [d

B
]

Observer angle

PO-SGO

MERper

RB SB

Proceedings of the "2013 International Symposium on Electromagnetic Theory"

178 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. Diffraction components amplitude at RB. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10. Observer located at RB of concave scatterer. 
 

 
 
 
 
 
 
 
 

Fig. 11. Observer located at RB of convex scatterer. 
 

IV. CONCLUSION 
The diffraction components calculated by PO and MER 

have been compared for two types of curved scatterer, 
concave and convex. It is investigated, the agreement of 
diffractions given by MER and PO is better in concave 
scatterer case than in convex one. It has been confirmed that 
the error coming from RB location related with the surface 
curvature of the scatterer. 
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