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Comparative Analysis of Scattering by Impedance and Dielectric Objects
Computed by Integral Equation- and Reflection-
Based Iterative Physical Optics Algorithms
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Abstract

Given their high analytical speed, iterative physical optics (IPO) algorithms present an advantageous approximation method for
analyzing the electromagnetic scattering of electrically large objects. IPO approaches for radar cross-section (RCS) prediction are of
two types-one based on integral equations, and the other based on reflection coefficients. Integral equation (IE)-based TPO approaches
have remarkably low computational complexity and facilitates the analyses of conducting and impedance media. In contrast, reflection
(R)-based TPO approaches can consider the absorption effects of surface currents, yielding a higher accuracy in analyzing dielectric
media. This study compared and analyzed the formulas of IE-based and R-based IPO and examined their respective advantages and
limitations. Complex media targets composed of lossy metals and dielectrics, such as fighters, tailless airplanes, and missiles, above
rough ocean surfaces were examined. The surface currents and RCS obtained using each approach were verified by comparing the results
with those from FEKO or an in-house full-wave simulation (MLFMM).
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Fig. 1. Local tangential approximation on object.

cosf® — /e —sin%f°
R _ r
h o 9 . 900
cosf ® + 4/€,. —sin“d
€rcosh * — /2 —sin’0°

€2cosh ° + /e —sin?0° (@)

T r

A B WA A @)% o] A A
2 @9 r,S T 47 59 3 54 Astel] g v
Aol i, o A4 dalel e YAt Aol g,
e AL WAL fFREOITh dARE A9H £
2 2 Hote] AROE wajaty, mE ] whab Aot
AAITHE 53] R-based [POO] W HFE 2] (5)9F o]

ANg % gni,

J(r) = i< (a7 + 1)
= L(+R)(E - o) %(1—@)@ R)axs
- U )
J (M) =ax (B +E) B
=—(1+R)(E" - h)nxh—(1—R)(E - o)nxh Q)
A ()M 7.9 7, & 27 AF 2 AFolth Rbased
IPO= 4 5HCZFH 3l W AR{E 12 POAFE
ghER o2 A A g,
2 (1)9] IE-based PO+ A+ WA 4 W9 FHHF
St mj g el JIEAE o3 ALttt W R-basede
2 (5)9F 7ol A71de ALt &, Ao BA4Y] FAE

oN

S o]&s) W ARE 7JAISH} [E-based®} R-based+=
77y A A9 FHAES vEs) AAet 28y JE
] £ 73AIEE [E-based®t EE] R-based

A7)t st B el AL BTt 3

226

residual error)E 4 (
rance) S YAIHOE A} 4 (6)oA AT];‘_’— A
AN PO BRAFE AT, =J,—J,_ 9 2t

n (7)

2] (7)< TPO9 stop criterion® 2 ¢, < 6= [POS] W
7b AAIZE ok E W F gt ol FEs] 24

n—

i

ot
&
rie
re
-
2,
>
rir
&
o
8
[¢)
oL
o
=
o
)
&
oL
1o
o,
tot
oX
e o

. Al=gold Zat

IE9} R-based IPO9] 54-& v|wa}7] 93] Al 744 4
Aol ek AlEd oIS Fsty 235 FEKO % &
A7 2 (inhouse) MLFMM(multi  level fast multipole
method)!"” A3}o} Hlwat) AR = 247 B4d AE
7], @ wfjd F 83 7| (tailless airplane) 2 3GFH 4
1] AL (missile above rough ocean surface)Z /%3 71
g 20 Yeldth AE7]= FA, canopy 2 radomel 2
TE 5 ujd 2 B 2 At gAe oY
w2 oAz 2AdEe] 910w canopy!™'e} radome!E
FAAZ FAH0l Utk IE-based PO A4S al
canopy 9} radome> YHUAZE 75t A3t Jud
Z2(normalized impedance, n=1/ve) "WAZ pn=0.71
+50.012 n=0.53°]t}. Rbased [POE BAS G4 of

] 1 IS
A2 78 e, = 5=6.19+419, p, =12 Ak 2
U



)
M
0%
oX,
i
A
%29

>~
>
2,
+r
il
N
229

@ %

120°

,73 ? 81'3

28 2. 84 Wy 18 BR 2 ABHH 87

Iterative Physical Optics®] JIH2~ E FHA &4 4kt s)4 v

Mono
-static O

60° °
K
i ]

2400

’71 > g}‘z

_————

’?2 ’gi'z

Fig. 2. Geometry information of analyzed object and simulation environment.
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Table 3. Summary results of IE and R-based IPO.

Objects IPO | Time [sec] | NRMSE [m’] | Iterations
Fighter IE 849.8 17.67 8
Bi-static R 1,834.9 14.92 6
Tailless IE 531.64 2.98 3
airplane
Bi-static R 1,527.9 0.26 3
Tailless IE 60,358 433 360
airplane
Mono-static R 274,801 0.69 402
Missilet+ocean IE 1,835.3 2.06 9
Bi-static R 3,549.5 2.00 6
Missile+ocean IE 25,503 2.21 114
Mono-static R 54,291 220 80
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