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Forward modeling and analysis of target scattering centers on
dielectric rough ground

TIAN Zhengqiu' HE Siyuan'** CAI Zhihao' WANG Xiaoyi'
(1. Electronic Information School, Wuhan University, Wuhan 430072, Chinas; 2. The Hanjiang National Laboratory, Wuhan
430073, China)

Abstract This research presents a forward modeling approach for target scattering centers on a dielectric rough
surface, which is directed to the investigation of the electromagnetic scattering for typical ground backgrounds. Initially,
a rough surface is randomly generated by the Monte Carlo method, and a three-dimensional rough ground model is
simulated using a Gaussian spectrum with different ground materials characterized by different permittivity.
Subsequently, a forward approach is employed, and ray tracing and diversity techniques are used to decompose the
scattering into a number of sources, which including the complex ground environment and BMP2 infantry fighting
vehicle target from the Moving and Stationary Target Acquisition and Recognition (MSTAR) dataset. Then, the
solution is analyzed by considering different permittivity of rough surfaces and solving the problem using the high-
frequency approximation. Finally, the reconstructed synthetic aperture radar (SAR) images and the MSTAR dataset are
compared, the result shows that the proposed method improves image similarity, and confirming the efficiency of the
proposed forward modeling method for target scattering centers on a dielectric rough surface.

Keywords forward modeling of scattering center; rough surface; dielectric coating; coupled scattering center;
MSTAR
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Fig.1 The schematic of a rough surface model
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Fig. 6 Comparison of the reconstructed SAR image of the
simplified tank target parameterized model (left) and the

measurement image (right)
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Fig. 9 Schematic of surface area division for BMP2
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Tab.2 Scattering center parameter of BMP2 at 6=73°, p=93°
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1 15-20 937 1 0 (0.39, -0.28,2.06)
2 19-23 3.42 1 0 (0.97,0.07,2.08)
3 1-8 -0.32 1 0 (-0.74,-0.54,1.64)
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8 19-22 -2.56 1 0 (1.02,0.071,2.07)
9 28-58 -3.36 1 0 (-0.33,1.00,0.65)
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Fig. 10 Comparison between the BMP2 reconstructed image
(left) and the measured image from the MSTAR
database (right)



18 W

sk A

¥ %

F % 40 &

A3 rh BMP2 9 Ul 580 5 5 B AP S S AR A AE
VREER 025 5, Wi I MG AR U S 74.65%, [
U, HFR CAD A5 (1) A 8 P AT 8 2 B il H e o
RO AL AR AR S AR SR 1 R — Bt 3
B ZE L N 10 0T LU ), S0 G i B 45 R 1
FRCR RO 2 B 43 A A 5 A TR R — I, T A R R
P85 5 K A S O SR VR R B RS R 5 5
b A BT ALY B ) T A, BT ER A — 00 B B
(AR BEAH L 22 AR 25 B 30 S RS ke v i B
PR A F 52 Z P08 2 rh, B bR ADRLDRE b 1T 22 8] 044
A R 0 BT R A e, e T SR,
BMP2 H & THIEE 5, BMP2 5 PEC i &
B — A AT 1 b TR S S 60046004, A DG B
L,=L, =904, HJ M E BE h=0.34, WAl 11 s,

E 11 BMP2 5 PEC #EE &— L #E
Fig. 11 The schematic of perfect electric conductor(PEC)

rough surface and BMP2 composite integrated model

£ 6=73°, ¢=93°, MK} 9.6 GHz, HH i fk T,
SR TR 0 I 1) 2 B i A O 5 OR el 4% B P o
RIS RN 3 Bz . b, HUHRIR 63 SRR T o
%3 BMP2 5 PEC #HEE & —FWERETE 6=73° ¢=93°TH)

BABSHPLSH
Tab.3 The parameters of coupled scattering center for the
BMP2 and a PEC surface at 6=73°, p=93°

5 BEPRIE RCS/dBsm @ L/m o7 B A h/m
1 59-63 3537 1 0 (—0.95,1.26,0.006)
2 58-63 32.42 1 0 (-0.27,1.29.-0.019)
3 55-63 27.63 1 0 (1.97,1.27,-0.027)
4 57-63 25.16 1 0 (0.40,1.27,-0.018)
5 34-63 23.40 1 0 (0.54,1.36,-0.004)
6 54-63 17.63 1 0 (2.94,1.28,0.005 6)
7 56-63 14.44 1 0 (1.15,1.27,-0.023)
8 62-63 12.65 1 095 (1.00,0.067,-0.055)
9 60-63 11.20 1 0 (~1.63,1.26,-0.003)
10 28-63 10.54 1 0 (0.30,1.51,-0.027)

1E2%5 8T H bR SHURE I 0 52 A HOR STk S, B
S rpu S E0 AT R TR S I IRTAZ R  EE 4
T2 T 80.8%, MIE 12 AT LLE H, K H br B T RIS i
TR, SR G 2R H bR SRR 1 0 22 OO
A

FE AT S5, P 4 TS A 00 4 5 A 5 T8 B
FRCT O MR w8 A S e, 5 S R A

Ll , S50 1k A o 4 P15 AR B 180 O AR R
WRE {58 T A P61 S0 v RIS R A, AT T 3R
A8 ) 4 e T A4 A B 2 PEC, 1T 78 52 B i A 0 v
HAx— Ak F 4k PEC (A HLRS b 1T L, 1 4 53 b 1T 5
A5 09 F8A B0 2255 T PEC Mo 5 H Ax (09 #8548
St DR K H bR BT Ak G TR AT A TR A R U
AR SR FH B SR U0 A 19 H R 2 50k o R A T 1) 2 1 2
FGH, MRS ECH 2.5-0.25, MHUEE IS E S, 1T
BH S R E SRR S ERRR . K 4
TS O B4R B A T AN R O 24
EE N

5

2\ i B /m
1 I ES/m

5
4 -2 0 2 4
FE 17 #H B /m

4 2 0 2 4
HE 1) B S /m

12 PEC #HE_E BMP2 BiREHE % (2£) 5 MSTAR EE
ME% H) 2tk

Comparison of the reconstructed image for the BMP2

Fig. 12
target on the PEC ground (left) and the measured image from
the MSTAR database (right)
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Tab.4 The parameters of coupled scattering center for the
BMP2 and a PEC surface at 6=73°, p=93°
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1 59-63 19.78 1 0 (—0.95,1.26,0.006)
2 58-63 18.26 1 0 (-0.27,1.29,-0.019)
3 55-63 15.62 1 0 (1.97,1.27,-0.027)
4 57-63 13.10 1 0 (0.40,1.27,-0.018)
5 34-63 11.64 1 0 (0.54,1.36,~0.004)
6 54-63 11.60 1 0 (2.94,1.28,0.005 6)
7 15-20 9.48 1 0 (0.39, —0.28,2.06)
8 56-63 8.31 1 0 (1.15,1.27,-0.023)
9 62-63 6.73 1 095 (1.00,0.067,—0.055)
10 60-63 6.61 1 0 (~1.63,1.26,~0.003)
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target on the medium ground (left) and the measured image
from the MSTAR database (right)
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