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Abstract: This paper presents a derivation of a formula with a concise and uniform analytic form by the
Stationary Phase Method (SPM) plus Geometrical Optics (GO), the Physical Theory of Diffraction (PTD), and
Geometrical Theory of Diffraction (GTD) to calculate the frequency-dependent factor for the arbitrary multiple
scattering mechanism, validated by the simulated and measured data of a series of canonical ensembles,
validated by the simulated and measured data of a series of canonical ensembles. Although the GTD model, a
scattering center model, can accurately describe the frequency-dependent characteristic of several main
scattering mechanisms of the radar target, no explicit and general expression relates the frequency-dependent
factor to the type of scattering mechanism. The derived formula relates the scattering center’s frequency-
dependent factor with bounce times, dimensions of all the encountered geometrical elements, and a caustic type
of ray contributing to the scattering center and can be applied to determine the parameter value of frequency-

dependent factor of the GTD model and its derived versions in the forward parametric modeling.
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EBIL g 7R (Method of Moments, MoM) FIFAE
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Tab. 2 Size parameters for 6 canonical objects

BRAVR TR Rr2%
Ji PR 214500 mm, JEE10 mm
[ZFERES (1)E4%200 mm, 300 mm; (2)E4£150 mm, 300 mm
Bk (1)EA&100 mm; (2)E&Z300 mm
RIS (1)E4%50 mm, 100 mm; (2)E %125 mm, 400 mm
HA YR (1)J&35200 mm, #3200 mm, BE20° (2)EiE350 mm, 4350 mm, A AI50°
[ i F42500 mm, JEES mm

< 3 20MAB AR BERREPFEEN R RS/ SRR LA SR E SMERSE FEE
Tab. 3 Types of double reflection/diffraction mechanisms, 20 combination objects, corresponding geometric diagram and

theoretical values of the frequency-dependent factor
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Fig. 1 RCS curve for cylinder-cylinder orthogonal combination

objects and sketch map of frequeny band splitting
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Fig. 2 Results of scattering center extraction for each sub-band scattering data
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Tab. 4 Comparison of theoretical frequency-dependent factor values by proposed formula and estimated ones by simulation data for

scattering centers induced by double scattering from 20 combination objects

ittofl flittofd
HEEATR Hitofd HERLRR Hikafd
'A% HH \'AY HH

AR - (HE HL) 1.0000 0.9988 1 HES- A (EE) 0.0383 0.0028 0

A4 (TR ) 0.5011 0.4949 1/2 LB AR (AT 2.90e-4 ~4.90e-5 0
B AE-FAR (F47) 0.5015 0.5753 1/2 HAE-EK ~0.5040 -0.6427 ~1/2
R 0.0385 -0.1048 0 ith 8% -FAR -0.4957 -0.4904 ~1/2
B AE- AT (TR ) 0.5499 0.5034 1/2 it B[54 -0.3976 -0.4226 ~1/2
B AE- [ (ST AT) 0.5438 0.3807 1/2 i %2R -0.5909 ~0.6195 -1/2
BR- [ A -0.0616 0.0831 0 HAS-HA(TRH) -0.5000 -0.5000 ~1/2
BR-Bk -0.0591 -0.0591 0 HE-BEE (PT) ~0.5000 ~0.5000 ~1/2

BB TR (TR H) 1.68e-4 -0.0053 0 it - EL B ~0.9428 ~1.1978 -1

HA R (CFAT) ~4.05e-7 ~2.34¢-6 0 it B - i 6% ~0.9428 ~1.0302 -1

F 5 BT 2MA S AR EBUIRR = R BEHIRR BB F O RK B E FA it SR ATt
Tab. 5 Comparison of theoretical frequency-dependent factor values by proposed formula and estimated ones by simulation data for
scattering centers induced by triple scattering from 2 combination objects

HEEATR JUFTRE A fltittodi Hitafi

M E = (A

TN 4 - 0.5097 1/2

0.9934 1

F 6 BETTHE A A= E BRI R BUHHUIRER B BEH O BRI R F b i+ SRR E Xt
Tab. 6 Comparison of theoretical frequency-dependent factor values by proposed formula and estimated ones by meas urementdata in

microwave anechoic chamber for scattering centers induced by double scattering from 7 combination objects

|REE AT He kB Fx JUREE flittafd it afd
DL Get - S 7Y T - ] 8 (2 ) - 0.1589 0
SEz S BUE il Y T - U T 440 (3 L) H -0.4829 ~1/2
DG A PO T - [ A (SFAT) ~0.0485 0
B3 T S -5 T S S SEAR-BAE CFAT) - 0.5345 1/2
T 2 S T S S B (ER) - 1.0314 1
BRI S - T S - I8 (SR ) - 0.5048 1/2
BRI RS- T R I R (T ) ﬂ 0.5115 1/2
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