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An Efficient Mixed Algorithm of L-MEI and DDM
for the Wave Scattering by a Concave Cylinder

Xiaoxing Yin and Wei HongMember, IEEE

Abstract—n this paper, a localized MEI method (L-MEI) is Al T
developed and combined with the domain decomposition method - I ME] nod
(DDM) [9] for the simulation of scattering by a concave cylinder. > gl | 3 i
In the L-MEI, the whole domain is decomposed into many sub- N ® g ! - -
domains. Different from the conventional MEI method, the MEI SR g , S
coefficients of the L-MEI method in each subdomain are only de- i W aemmed |
pendent on the localized metrons that are defined in the subdo- g “HW___.---" |
main. The localization of metrons has the following advantages: 1) L "' I| ‘
speeding up the calculation of MEI coefficients and saving memory, s i
2) making the MEI method available for concave structures, and 3) O i
obtaining a band sparse matrix directly without any modification. PV N e a4

Index Terms—Domain decomposition method, electromagnetic oo Ty
scattering, measured equation of invariance. £ la A~ >

L ETACE K A o iy
¥ — Trumcabed boundary node

[. INTRODUCTION - -

S a very efficient technique, the measured equation of

the invariance (MEI) method has been applied to marlf)ig. 1. Conducting cylinder geometry and conformal mesh.
electromagnetic (EM) problems [1]-[7]. Recently, some fast al-
gorithms were adopted to solve the final sparse matrix equd saving memory, 2) making the MEI method available for
tion [3], [4], and then the calculating time for solving the maconcave structures, and 3) obtaining a band sparse matrix di-
trix equation was reduced fro@(N?) to O(N), whereN is  rectly without any modifications such as in [3], [6].
the order of the sparse matrix. However, the computation com-
plexity for the calculation of MEI coefficients remainig N?), Il. FORMULATION

and it has become a bottle-neck for scattering problems. Al-The cross-section of an infinitely long conducting cylinder
though many efforts have been made to accelerate the calghd the conformal meshes around the cylinder are illustrated in
lation of MEI coefficients that save the calculating time by ongijg. 1. T\ incident wave is assumed. Denoting the longitude
or two orders of magnitude [S]-{7], the more efficient calculacomponent of the electric field by, the total field on each node
tion of MEI coefficients is still necessary. On the other hanggnsists of incident and scattered ones with the relatioh as

when the objects are concave, the concave region must be cgme= |4 The finite difference equations for interior nodes may
pletely fill with meshes in the MEI method for avoiding poolhe expressed as

results, which decreases the efficiency of the MEI method be- }

cause the final sparse matrix is not a banded-like matrix. The ° 5
above problems result from the fact that the MEI at each trun- Z ai¢; =0 @)
cated boundary node is dependent on the metrons which are de- =1

fined along the whole boundary of the object. where the expressions for the coefficiemtg€an be found in [2].

In this paper, a localized MEI method (L-MEI) is developed With the surface impedance boundary condition (SIBC), we
and combined with the domain decomposition method (DDMiave finite difference equations for nodes on the surface of the
[8] for the simulation of EM scattering by a concave cylinder. lsylinder as
the L-MEI, the whole boundary domain of the object is decom- 4
posed into many subdomains. Different from the conventional P14 badpy = —bagpy™ )

MEI meth.od, the MEI coefficients of the L—M.EI method in eac'?/vherebi can be found in [4].

subdomain are only dependent on the localized metrons that arg yhe nodes on the truncated boundary, the MEI is available
defined in the subdomain. The localization of metrons has some

advantages: 1) speeding up the calculation of MEI coefficients 4
Y et =0 3)
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Fig. 2. Domain decomposition along the circumference.

Perimeter(i,)

we need to know the scattered fields at the MEI nodes produdéel 3. Comparison of the surface current of a rectangular cylinder.

by the metrons which can be calculated by the following integral
operation 4

- L-MEI+DDM
—— MEI

¢* (7)) = — /F 307kotp (N HSY (ko |7y — 74 . (4)

The definitions of the parameters in (4) can be found in [2].
Usually, the metrons may be chosen as

I — cos(2mnl’ /L) Cois i
w {Sin(anl’/L) n=4uU,1,24... (5) 1

wherelL is the perimeter of the cylinder, aridis the arc length

along the surface of the cylinder. Because the metrons are de- 0
fined on the whole surface of the cylinder, the calculation of the o 10
integral in (4) by a direct summation method is very time-con-

suming. To localize the metrons, we decompose the original re- _ _ _
gion € into several subdomair@p(p = 1,2, ...m), which Fig. 4. Comparison of the surface currents of a cylinder with a groove.

is shown in Fig. 2. Let’, , = 09, N 0§, be the common

boundary between sub-domdil, and(2,. Using the domain can be calculated independently, so the maximum memory cost
decomposition method [8], we have an iterative algorithm f@@n be decreased & Niax), aNd Niax = max(Vp).

¢y in the splitted domain

20
Perimeter(.,)
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I1l. NUMERICAL RESULTS

Using both the L-MEH- DDM method and the conventional
P MEI method, we have analyzed EM scattering problems of a

Yn>0 and p=1,2,...m

V2gptt 4 k3gntt =0 in ©

(aup + 7k0) (/);H—l
= (_auq +7k0) (/)g
MEI or SIBC

(6)
onlyy, Vg#p
onl’,,

rectangular conducting cylinder and a conducting cylinder with
agroove, and the calculated surface currents are shown in Figs. 3
and 4, respectively. In the conventional MEI method, the region
inside the groove of the concave cylinder must be filled with

meshes for a good result. The L-MB| DDM is beyond the
o . . . limitation, and the conformal meshes are filled only along the
.QP ar_1d</)p Is the approximate solution afy in €2, at thenth boundary of the cylinder. Here, the number of subdomains in
iteration. .
. ; ) e DDM is chosen as 6, and the currents have converged after 3
Because the metrons in a subdomain are only defined on { € .. . .
. . : [terations. It can be seen that the surface currents simulated with
surface of the subdomain, the MEI coefficients in the subdﬂi .
. . : .the L-MEI + DDM method and the conventional MEI method
main are independent of the metrons in all other subdomains; .
o S ré in reasonable agreement.
The localization of metrons decreases the calculating time f%r
MEI coefficients to about /m, wherem is the number of sub-
domains. On the other hand, because each subdomain is not
closed, so the final coefficient matrices derived from these sub-By combining the L-MEI method and the DDM, this paper
domains are band sparse matrices. The computation complepitgsents an efficient approach for the simulation of EM scat-
for a band matrix equation ©(N,), whereN,, is the number tering by a concave cylinder. The L-MEI method not only saves

of unknowns in theth subdomain. In addition, each subdomaithe computing time, but also provides a base to be combined

wherel’, = 02N 09, is the common boundary betwegrand

IV. CONCLUSIONS
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