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Fast Calculation Method for RCS of Electromagnetic
Anisotropic Dielectric
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Abstract: Volume integral equation (VIE) for electromagnetic scattering of anisotropic dielectric is de-
rived according to the volume equivalence principle. Schaubert-Wilton-Glisson (SWG) basis functions
and Garlekin method are applied to build matrix equations. Both the equivalent dipole-moment method
(EDM) for fast filling impedance matrix elements and the fast dipole method (FDM) for accelerating the
iterative solution by expediting the matrix-vector products (MVPs) are employed to reduce the comput-
ing time compared with the conventional method of moments (MoM). Furthermore, in FDM, the ma-
trix elements among the far groups are implicit calculations and the simple aggregation, translation and
disaggregation functions are performed directly when they are used., which save memory significantly.
The numerical results show that the new method has high efficiency and low memory requirements, as
well as good numerical accuracy.

Key words: fast dipole method; equivalent dipole-moment method; electromagnetic anisotropic dielec-

tric; electromagnetic scattering

HEF & 1 S PE A RHE R R 5 I 2 BR R ik I ok BIOA H1 ™  RE AR A  AR T L
PRI R [ AL K23 X 4% 1) S i H ] 25 14 R 9 ot 2 B0 02 % 19 4% 1) S A o H Bs Y
PRI RGO R PRI S — AR R AT Y BB AS RCS W 20k FH R J5 K A 4910 - B A B 22
Ha B 2% 1o S PE A BT H bR I RERRST e AT T DB R 4r B (FDTD)S Y A BROC U5 (FEMD S J & i

BEeWH:ERXARPB#ESEGL07101D BT H
Wi B9 :2011-07-20; 81T B #3:2012-03-21
BWAEE K H. B 88214 S0 ,1958 44 ,E-mail : gucq0138@sina. com,



a4

(MoM) " & JE k3% (FE-BD ' 1

BT O R AL G i AR R — Rl AR 1
BOAE 7532 e 45 380 (3 BEL 70 4 o 0 8 I o 11 5 LA Bk
AN X BN SRR BT B
FIH EARRIE K IR AT AL R R E B K
(. SCHRL6~ 8143 il FH L6 of i v - Pl 4 L - A
#t (CG-FFT) Pl Z % + J5 % (FMM) Fl [ & B
T4 J5 1 CAIMD HE AT 0 380 5K i, A7 55 2 &5 1 1%
4 MoM iR B8 T INFEIE#E. SCIRLY )
FH & B MoM 42 & 15 5 MoM T84k % . il » 3¢
BRL10, 11 4 o T — b bl st 3 70 40 B I BT R Y
S M8 M A % (EDMD ., % 7 35 ¥ Schaubert-
Wilton-Glisson (SWG )M 3 ok 0 19 48 50 %o 25 3% %,
B 5 TR 55 75 BEL 470 6 P 0T 2R T 8 7 ol — Rl )
M A IE 2 b e T RBUE B Is E . o T s IREDM
NRET A8 1L 55 MoM. 1Y PN A7 F 32 AR SK figk i 8] 7 dokt
s AR SCTE I AR B  J oR i — il 359 50 v
25 ] PR B E B A O ] A S A T DR
% ¥ & (Fast dipole method, FDM)., B4k & T
EDM 14l s . 3¢ HAE I TEMM [ R E- 565 -k 1l
B I T @ [ S o S v 1 = 1) i
m TR C R T B I BB R R
B EERSA R HOR BT BRI BSR4 T
RN . B 5 232 B < AR SCi P Jy 76 4
AR AR 54 50 H AR (55 ) [R] 9 A B 4% 1) 5 1
A0 I 59D 1) R IR R R IR R A AR
A = TSRS 1) P A 7 R L T EL AT R AT
HEAE

1 BEigoHh
1.1 BEEERENRERAESE
WV & B s B S A A ) A
= R g il = I v Tl a1 NP KRS | R ¥
A L BRI RE 5220 BT 3k e () B () 3R . 24
NS BRI A 5 b R MR 0 A S S L A R A
A LA 45 355 B AR H O T () RV R U T () e AR s
A B M B R (EH Y 2T A H 35 (E
H' ) IS G 3 (B HY ) 2 F0 AR W 7R O
E=E +EU) + EUD (1a)
H=H +HU) +HU) (1b)
X HLEG) =¢ '(r) s DORMHG) = ' (r) -
B(r) , BUGH7 MSEsk ki =z 1 i 56 R X (2,3) 44
t
E(J;) =— jwA,(r) — V¢ (r) (2a)

EUD =— 1V x A (2b)

BINTT o S — Bl B 4% 1) S M B H AR RCS B9 BTy 7% 571
muwzivxmu> (20)
H (J?) =— jwAl(r) — Vg (r) 2d)
/\EFI
Ay (r) = #koJii(r’)G(r,r’)dv’ (3a)
A" (r) = EOJ Jr )G (r,rHdy' (3b)
G =— L J‘<7 C F DG (30)
Jwe, ) .
@gr(r) =— - 1 J Vo Jr(rHG ' )do' (3d)
jopy).
—k|r—r"|
A :G(r,r'):mﬂ] k=aw N & o7 5 A

F 25 8] PR A% P e B8R I8 K
AR A S 5 i B SR I S T B R R A

Jo(r) = jor (r) « D(r) (42)

JI(r) = jwr"(r) « B(r) (4b)
2 ) B () 43 50 A H ORI G 5 2 1 %
Rk &, FRon

) =1—¢ '(r) (5a)

¥(r) =T — () (5b)
2o TN B R e AR A L K s e K
L EROR AL =

B A 5 H b I R B GE 23 3 O A I
TR L IC N YA BRI 20 . R4 SWG 5 e
B G JR T 8RR T 3R A

Jory = D L« f.(r) (6a)
n ij’

Ji(ry = > e - f,(r) (6b)
n=1

s TR 1R 5 BB e Rl WA T %t B9 A
B BRI G S R X LR ok s N, 4 B9 RV TE JT
$sn= %ﬁﬁméﬁmﬁmﬁo%ﬁmﬁﬁﬁ,
52T 056 5 5 2

ZLL ZEM IE VL

|:ZME ZMM} |:IM} - [VM:| (7 )
SO TR 20 28 2 2 o BL TE 4 )
N

Zow = S E — E(J5)) (8a)

Zow = s — EU5)) (8b)

Zh = f.s — H L)) (8¢)

Z = f.H — HJ5)) (8d)
HLE [0 B V5, VY TR N

Vi, = (fu ED (9a)

Vi = f, . H (9b)



572 (2T N = S | A N N %44
1.2 REHEFZE KXiferi=r, —r, .r,=r,—r, .r,=r,—r,.r, filr,

Sy 1Pk AR A R B 5 B (T A R T
X e RO o o7 B AT 43 A1 0 iR A R
0TI AL, S PR T e BE B /N T 0. 154,
(A N HURE B AE A A () i o KO B R A%
BiMoM B ITC R Z,..» PRI Fr O FE B K
T2 TF0. 154, B A& IT X4 51 T 55 /M A 1k
5 30 0 FH A5 501 A 9 (EDMD i BB B T R
Z oo R T8 355 20 X6F o SR P R S8 A5 A~ 32 I 3 56 o 1)
g AL R AR R Y BB T R LW B

1.2.1 31846 %
X F L RE A5 1) S PE A B H bR, i SWG S bR R

4 A T X T A S S5 28R A R 1 ) A A R e,
S5 R AR A T O A AR R 53 531 A

m, = a, &, (), — 1) +a, k(D@ — )
(10a)

m =a, k() (ry =) Fa, k() —r)
(10b)
BN Y S N N THY a3 D5 TR N VA N T o=/
TE O A7 R s, SRy LT B TR e el ) R

ARRIE T By B H B (R 530 RO HE 3R ki,
N ] EDM 58 /4 T BHL 3% 00 & A] fi# b 26 8

159
e 776 jkk[ ! . u’i w‘ .
Lo = 47 M m,,( R + C)
(m', + R)(R m;:)( % + 30) ] u=eym
(11a)
N — kR
Z =M (R m) (1b)
M a JER
Z = — Jk”iifrm “ (R X m)  (110)
Horp
m, =a,(r, —ry") a2
C = Rz[l —+ _]ZQ—R} (13)
At R=r, 1, R=|R| R= =T
ry, +r .
rm:fﬁz\%ﬂﬁﬁ%n AL om BT

IR OR DAL
1.2.2 e ABAR T %

i 4l j ML &I A xT AR F m Fln,
AT E T4 ; MA I ABPIT R Z,., 7 L
L ADIHE, A R AT HAKFRIR N

[€: |rm _r71| = ‘r]f+r//1j_r11f‘ (14)

pae i SRR E S AR W VAN S L (TR I3
URIVYESE

R=~r; + [}/; . T, 4+ — (v ) }—i—
(bt <r—} s
r
B A5 . XADZERGERN
Zu o~ M, (r) «TE(r) « Mi(ry)  u=e,m
(16a)
Zrm=(M',,(r) X (ry4r,)) « TG M, (r;) —
M/m(r_/i) . TM(rj[)(rni X M;(r,/))
(16b)
Zoaa— (M, (r) X (r+r,)) « TV )My (r) +
M, (r)) «TYGr)(r, X M} (r;))
(16¢)
/\q:l
[l = er, 07
M, (r,) =m e ”(U ’r’___ijf———) 17
=, e W= Ik S [k .
Ty =T M o+ c) rr ot %H
(18
i,
TV, = RICe T (19)
47
2—(rj.r )
M(r)—me‘*(’ﬂ*zf,j) u=-e.,m
@220
. 1
6—7[1—0—#” ] D)

PRIt s ¢ 2 vp i A ) S5 00 FL 0 A R 55 30T
WeFXF 7 AP EE m A G T E R AT LS
R - - R IE 5

DV Z I+ Zon Iy ~ M, (r,) « TE(r,) +
nei
DM (r) — (M, (r) X (4 1,)) -
nei
TG D 1 M () + MGy
ne€i
T () D10, X M ()

nei

() 8] 7 2 R T A ) 5 2 R A AR 1 R 2 S 1
T 3F j A m /l\%’x*ﬁlﬁéﬁfM&?E@{’FﬁﬁﬁuEﬁE

(22a)

LI,, M) + (M, (r) X (r +1,,))
nei
TV ) DI Mi(ry) — M, () -
nei

TM(r]l) Z}I:(rm >< M‘” (r’/)) (22b)
nei



a4

S AT 55— i 00 R 45 16 53 G L RCS 06 5777 573

o3 (22) A LA Ll o RS- il 3 A
LR 003 A EAE T AT 2 ] . R
T 3R B R K00 A% o 80 A R R AT LU A T B T LA
752 B I v 2k 46 R R B P BN T B i A L
RRHATE T NA

2 HESR

T B AR SO PR T 1k 1 SRR AR
JE B A ST iR 515 51 MoMLEDM J5 ik DL K& B
A SCHR B S5 R AT LU T B 45 R TR T B
Pentium (R) Dual CPU E5500 2. 80 GHz, N f#2. 0
GB By NHL i E 58 i, X BLAH ] GMRES #4835k
fift A5t » WO SIORS B3¢ 9 0. 01

BB 3519 BT A 1] S M A R O
B UEAS ST VA W IR AP E SRR AR 0. 34, (A,
B A B R PEA) AR A L R e =3 B4 BTEK
19 RCS , A Jot 2Kk 9% &1 43 2 3994 MUK o, & A
4 568 AN SL T I 460 A>3 FT L 2L 10 056 />R 0
LK 2 R0, 08400 AT MO 7 iR AR ST
T s B S A7 JE Oine = e = 0° L 11 Ji 7R 43 53]y Mie
FAOT EFNA TS B B RCS il £ .
MIE AT L o WA B IR T AR ST AR

B/
10
— MieZ 3
0
g
[aa)]
Z -0
wa
Q
a A2 (0,0) = (07 ,07)
20} B (0,9) = (0~180° 90°)
_30 1 1 1

80 100 120 140 160 180
0/()

0 20 40 60

B 1 A BEk i RCS

B0 2 LA 1) R P A B [ A AR B RCS,
[ A R 4204 0.5 ms = 24 0. 2 m, A0 3 1 LR 2 8K
Hie,=[2, 0, 05 0, 3, 0; 0, 0, 2]s,=[1.2, 0,
0; 0, 1.2, 0; 0, 0, 1], ASFHAE N 300 MHz,
A H bR BB B 5 566 A4 PU i A, AT 23 486 4>
FKEnE ., i FiMoM FIEDM N A{EF KR8t 2 GB,
FEZ R ETo . R AR SO R A3 RN
0.1 m, A AEE A 264 4L T ENTE 365 MB,
GMRES 4% 10 s, i+ & w R 186 s, 2 44

T ARSIy AT 100 AL XLEERCS  JFFISCHR[13 ]
S5 AT B NP n] DLFE AR SO A I A 46
R MSCHERES R W) 5 1R bF

10
E,
)/I s

* Ek[13]

L
(=
T

RCS / dBsm

|
(3]
S

N :(60,4)=(0°,0)
Bl 2 (0,4) = (0~360°,90°)

30l =300 MHz

0 20 40 60 80 100 120 140 160 180

0/(¢)
K2 4 S A B R AL 9 30 RCS

BHI3 . A AR 5 R AR S HES AR 5)
A H AR RGHE RCS. 1% B AR 5 BT 4 A B4
FEMF R SN 1. 0 m X 0. 2 m X 0. 05 m, Q&3
B . Hir 3 AN B Sl F A 5T, HAE R H 3 5
&= 1.5, FANH AN A g A 5. HoAR X #E SR R
o =1.5, AFFPEAIFE 300 MHz , AN B4 7 1
2 492 NPT A 12 176 M RAE., B3 4HT
AR PR H O U RCS, I FilfE 58 MoM il
EDM (31545 a4 7 LU - B H T DL H 25 Ry
HAARG a1 iR . i HIMoM FIEDM 35 i 2%
BB FFENLEL 139 MB.L 8] 43 51 K
1674 fd24 s ffi A SO - K/ KO- 1 m, 3t
A AEA 4 242 A, GMRES B 9, NAFE 213
MB . {UMoM FIEDM NAEEAERT18. 7% i it
[ 67 s, MoM H+H B A1) 4. 0% . EDM 50
B 16% . B AT LA ARSI E KRR A TIE5
MoM FIEDM # N 77 K AT 380 [

0 Z y N 0.9 =0
| B (0, 6) =

(0~180°,90°9) w0
4 1L.Om f=300 MHz,#"
L] 7. 5

RCS / dBsm

L

20 40 60 80 100

120 140 160 180
0/()

B3 HEAIA B A B RCS



574 (2T N = S | A N N %44
Rl AXFZEBRFEREZNEREEENEITER Zhu Xiuqgin, Geng Youlin, Wu Xinbao. Application
18] bk % of MOM-CGM-FFT method to scattering from

FEE s WAL /MB HRAEE RRTHE R /s three-dimensional magnetic anisotropic scatterers
MoM 1139 9 1674 [J]. Journal of Microwaves, 2002, 17(3): 209-215.
EDM 1139 9 424 [7] Kobidze G, Shanker B. Integral equation based anal-
FDM 213 9 67 ysis of scattering from 3-D inhomogeneous
3 QEEE'I.E- anisotropic bodies [ J]. IEEE Trans Antennas

Propag, 2004, 52(10): 2650-2658.

TE R AT 5 R A5 1) S A BT H B R RE ST Y [8] HulL, LiL W, Yeo T S. Analysis of scattering by
RISy I R AT AR o R, AR SCR T ek large inhomogeneous bi-anisotropic objects using
T BELHT T 25 100 25 3 (8 A T 1 AR o 4 o ] AR AIM [J]. Progress In Electromagnetics Research,
el 35 0 BT 7 AR A 1 (e 52 2009, 99: 20
4 T L % ] S A R B RCS 19 16 ) [9] LvC]J, ShiY, Liang C H. Higher order hierarchical
I 6 7 b (e 3 o B T 2 T e Icgcndfc bajis [uncllio.nj app%icalion. to l};c analyEi: ;)f
. L e N - scattering by uniaxial anisotropic objects .
gif;ﬁi;iiiﬁ;ﬁ;ij%kigéf;%i;ﬁ32 Progress In Electromagnetics Research M, 2010,

13: 133-143.
DRIy SR A AT 10T SR T A 2% 0 0 208 AR (D]
P R BB R A% 2010,

Yuan Jiade. Research on electromagnetic simulation
LU0 MR BRO% ik U0 oR AT 45 1) 57 P A 0L B IO o technique of curved microstrip antenna [D]. Nan-

MR A (D] P2 P&l FRHE RS, 2006. jing: Nanjing university of aeronautics and astronau-

Geng Youlin. Application of spherical vector wave- ties. 2010,

func.tion to ele-ctrom(iig.netic fcattéring by anisotropic (117 Deng Xiaogiao. Gu Changqing, Yuan Jiade, et al.

rixedla [DJ. Xian: dela.nUmversny, 200_6' _ Electromagnetic scattering by arbitrarily shaped PEC
= X W BB L S e targets coated with magaetic anisotropic media using

view E. 2004, 70(5): 056609/1-056609/8. equivalent dipole-moment method [C] // Proceeding
[3] Huang Peikang, Yin Hongcheng. Equivalent cur- of International Symposium on Signals, Systems and

rents on an anisotropic material backed by metal sur- Electronics. Nanjing: IEEE Press, 2010: 650-653.

face and their relation [J]. Journal of Systems Engi- [12] Sheng X Q. Peng Z. Analysis of scattering by large

neering and Electronics, 2000, 11(4); 1-10. objects with off-diagonally anisotropic material using
4] AR, B, B, 45 FDTD 34540 i B 5t . finite element-boundary integral-multilevel fast mul-
iy A F 2 0 S 2 SRS TG L1 ], T2 0 s tipole algorithm [J]. IET Microw Antennas Propag,

2006, 34(9): 1703-1707. 2010, 404 4927500.

Yang Lixia. Ge Debiao. Wei Bing. et al. A study of 137 ##¥. SUABRBHY 0 BEHOI A0 Br LD, Wst: st

FDTD parallelal gorithm for anisotropic media with HTRA:, 2008

dyadic permittivity and permeability [J]. Acta Elec- [14] Schaubert D H, Wilton D R, Glisson A W. A tetra-

tronica Sinica, 2006, 34(9). 1703-1707. hedral modeling method for electromagnetic scatter-
[5] Sun W M, Balanis C A. Edge-based FEM solution ing by arbitrarily shaped inhomogeneous dielectric

of scattering from inhomogeneous and anisotropic bodies [J]. IEEE Trans Antennas Propag. 1984, 32

objects [J]. IEEE Trans Antennas Propag, 1994, (1): 77-85.

42(5): 627-632. [15] Yuan Jiade, Gu Changging, Han Guodong. Efficient

(6] RFBRAM, RAGE. Z4EfE 45 m 5tk B b b i
BN FIMOM-CGM-FFT J5#k [J]. fhda#4k, 2002,

17(3): 209-215.

generation of method of moments matrices using e-
quivalent dipole-moment method [J]. IEEE Anten-
nas and Wireless Propag Lett, 2009, 8. 716-719.



