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Fig. 1. Schematic diagram of the metal target above the
half space.
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Fig. 2. Schematic diagram of external equivalent model.
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[(l’ - ‘T/)n—l - (l‘ - ‘r,)n] [(gj - I/)n—l - (I - xl)n-{-J [(‘T - I/)n—l - (.’,E - :E/)?L-&-Q] ,
_ [(z—a") = (z—a), o] [(w—2") = (@ —2"), ] . [z —a") = (& —a"), 1] 19
[(l‘ - x/)n - (33‘ - xl)nfl} [(.13 - J’J)n - (Z‘ - xl)nJrl] [(l‘ - x/)n - (‘T - x/)n+2] 7 ( )
[(z—a) = (@-a"), ] [z—a)—(@-2"),]  [(@—2)—(z-0),,] (20)
I:(x - I/)n+1 - (33 - x/)nfl} [(.’E - x/)n+1 - (.TL' - ‘r/)n] [(l‘ - x/)n+1 - (l’ - x/>n+2] ’
[(SU - ZL'/) - (x - wl)n—l] [((K - :L'/) - ($ - x/)n] . [(x - 1'/) - ($ - x/)n-&-l] (21)
(x - x/)n+2 - (x - iC/)'n.—l} [(.’I; - x/)n—O—Z - ({17 - x,)n] [(ib - x/)n+2 - ((E - m/)n+1:|

Wnte(z —2') = [

FIRETE (y — o), (2 2) F (2 + 2/) Jr 1) B4 4 DL R4, v] LIRS B AR (B (n - 1, 5 - 1,

s—1, d—1) ZbPugesk o

wn—1,j—1,s—1,d—1(7‘,7“/)

=wp—1(z —2") wjm1(y — ) - ws—1(2 = 2) - wa—1 (2 + )

(@—a)—(@—a),] [z =)= (@ =), ] [@—2) — (@

(=2, , —(x—2a),] [(e—2), - (-2, ] [(-
[(y -y)—(y— y’)]} [(y -y)—(y— y’)jﬂ} [(y -y)—(y— y’)m}

[(y —y);— (- y’)j} [(y —y);— (- y’)jﬂ} [(y —y);— (- y’)jﬁ}

— x/)n+2]

)y = (2= 2, 40)

X

X
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« [(z—2") = (2 —2"),] [(z -2') - s+1] [ z—7) - Z/)s+2]
[(z=2) = (2= 2),] [(2 = %), )on] [(2 —@—%LH]
[(z+2)— (z+z')][(z+z) (z+2 dH][z—f—z z+z)d+2] (22)
[(z+ 244 (z+zhHu+wﬂ —(z+2) g1 [(z+2)g1 = (2 +2) 440]
B Ff (2 e (B 5 A o I Y PR, A1 Lagrange ${EA 20, i — 25 HE A AR pREL [ :
N=n+2 J=j+2 S=s+2 D=d+2
Z Z Z Z wN,J,S,D(T', T‘I)GN’J7S7D(’I°, 7",). (23)

N=n—1J=j—18=s—1 D=d—1

4 BAEY EAR AT

AT BHAEA S, A BUER BSOS
4 Intel(R) Core(TM) i5-7200U CPU @ 2.50 GHz,
NTEK 12 GB.

BH1 H%, WK 6 B, gk A e By
— IR, B EEE AR, AR A

XA HLH BN € = 6.38 — j0.663 , 4x J&@ 57 )y AR il
KN 1 m, @7 BT 0.2 m, AG
SETH % 4 600 MHz, A5 6 =60°, ¢ = 0°, Ht
10 = 60°, ¢ = —180°—180°. 435K H T A SCH2 1
(ORI 7 vk AESE R CFIE J5 3% (RIG(H) . LA
KD AAE FEKO T3 T iz (14 5 1R Bl e

[ [ ‘ Y/

Bl 6 fJmsrr MARELR B A

Fig. 6. Schematic diagram for the metal cube model.
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& & slicy. FRBEAsMPEZS R, RS MR AEX A f
WO e = 5.0—-j0.2, )& slicy KA 2 m, %R
2m, BN 1.5 m, 48 slicy 8] FFHEE 0.2 m,
ST % R 300 MHz, A B 0 =60°,¢ =0°,
U 6 = 60°, ¢ = —180°—180°. 43 5IIK ] T 43¢
P& 3 AR B I 3 5 2k 5 A8 Gy CFIE J5 i (R4
{H) VHA T IR 1) 75 35 B AR

&9 7 A5 REH], A SCHE i hnid vk 5k
4t CFIE Jrik (RIG{E) THEZRAEY) 5.

X/U££

10
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Fig. 7. RCS comparison among the proposed method, the
traditional CFIE method and the FEKO for the PEC block
model.

K8 48 slicy HiflR &= K

Fig. 8. Schematic diagram for the metal slicy model.

15

E 10}
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w -5
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Fig. 9. RCS comparison between the proposed method and
the traditional CFIE method for the PEC slicy model.
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F 1 AU FEKO. 448 CFIE MTHEBEIR LA
Table 1. Computational comparison among the proposed method, FEKO and the traditional CFIE.

" . PR /s HHLMIE/MB
PR A - :
FEKO {4 CFIE KN RS FEKO 1£4;CFIE ATy
YAVELY 11682 1731 7560 1008 1229.0 1120.1 1251.9
slicy 7518 709 3204 432 533.6 545.8 557.0
i 14013 2541 18684 1476 1721.3 1613.6 1715.9

7300 MHz, ASHf60 = 60°,¢ = 0°, #iiff6 = 60°,
¢ = —180°—180°. 43>k H T A SCH& Hh A4 (6 fin
WOk S E5 0 CFIE J5ik CRIGE) THE Tz
T ) B SR TR AT

B 10 SRR B
Fig. 10. Schematic diagram for the metal ship model.
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Fig. 11. RCS comparison between the proposed method and
the traditional CFIE method for the PEC ship model.
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High-efficient analysis of metal target electromagnetics above
the half-space based on mixed field integral equation”
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Abstract

A new acceleration method is proposed for efficiently solving the problem of electromagnetic scattering
from metal targets in half-space. The analysis of electromagnetic problems in any structure can be settled by
the electric field integral equation. But the generated matrix condition number is large and the iterative
solution has poor convergence. The number of the matrix condition generated by the magnetic field integral
equation is small and iterative convergence is good. But only the closed structure problems can be worked out.
The combined field integral equation is adopted because of the universality of the electric field integral equation
and the convergence of the magnetic field integral equation. The gradient term of Green's function is involved in
the integral equation of the mixed field. In order to further enhance the calculation efficiency, an efficient four-
dimensional spatial interpolation method is introduced for half-space Green's function. Tabulation and lagrange
interpolations are performed in the Sommerfeld integrals for the half-space Green's function. The improved
efficiency can be 7.5 times higher than that of the traditional combined field integral equation(CFIE).
Numerical results show that the computational time can be reduced significantly by the proposed method with

encouraging accuracy.

Keywords: electromagnetic scattering, combined field integral equation, half-space Green's function, spatial

interpolation, sommerfeld integral
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