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A Parametric Model for High Frequency Complex 2-D Radar Scattering

SUN Zhen-zhen CHEN Zeng-ping ZHUANG Zhao-wen GUO Gui-rong
ATR Key Lab. National Univ. of Defense Technology Changsha 410073 China

Abstract A 2-D Type-Discriminated Geometric Theory of Diffraction based TD-GTD model that discriminates between the local-
ized and distributed scattering centers of the radar target is presented. This scattering model provides a more physical-relevant and richer
description of high frequency complex scattering behavior compared with either point scattering models or prony models. To estimate the
TD-GTD model parameters Maximum Likelihood Estimation MLE algorithm is developed. An effective method of parameter initializa-
tion is proposed. Since estimating parameters of all scattering centers at the same time is the cause of high computational cost and com-
plexity RELAX technique is introduced into MLE algorithms to get around that difficulty. The efficiency and feasibility of the method is
confirmed by the test based on the measured data.

Key words parametric model scattering center parameter estimation scattering feature

! SAR  ISAR
3 Prony 2
GTD
GTD TD-GTD
1
f 0 E f0
GTD
1
P L\ a .
E fo = ZAL(}Z) e’%exp{;]ggf x;sind + y;cosl } 1
i=1 ¢
¢ fe A xyioap B 21 p
i
Ai ALEC
* 2001-04-02
3.2.5

1973-



114 2001
X Yi
a; aC 1120 -172 -1 1 @
Bi 0 BER
1
Tab.1 Type parameters for canonical scattering mechanisms
a
1
172
0
-12
-1
1 GTD
localized ISAR
S; f0 = Ajexp — 2xnfy;sin0
7
distributed SAR/TSAR
PO
sinc
S; f 0 = Aisinc[z—gfLisin 0 -0, ]
L 0,
GTD
P o\ .
E f0 = ZAL(}[) : exp{;]g—nf x;8in0 + y;cos0 }
i=1 c
: sinc[z%fLisin 0 - 0, ] exp — 2xfy;sind
A xioyioap 70 00 L [ p
X Y Ai a; GTD 1
Vi Li—
éi_ LL'ZO 71#0 9i Li>0 }’i=0 @l
L « L
a GTD
L «a
ATR
L o«

GTD

TD-GTD



115

2 TD-GTD
TD-GTD
a=1 a=172 a=0
| g2 |G| &
=il AT (B
| | T | 27 »
—EA M Hif Belns)
1 L « 2
Fig. 1

Scattering primitives and their corresponding L and a values Fig.2 2D data collection range

2.1
ISAR f 0 2
oc -40,/2 6,72 f€ f.-B/2 f.+ B/
2 f. B
E fan fn 2
€] fbm( ) fsm( )] Sn€ELL = B2 [+ B2
0 0 = arctan [,/ f,, 5
TD-GTD
Emn =E fo., fi ZA( S f'z'") . exp{—j%[ Xfom + Vi }
6
- exp - 2nf,); - sinc wgsin(arctan S - @i)]
C Sin
2.2 TD-GTD
MLE
MLE Cramer-Rao AR
MUSIC 40
D f0 TD-GTD
Efo¢ N fo E=51l1i=Ai%iyi
a; Vi L 0;
Dmn =FEmné& +Nmn =e," a+Nmn
T

7
a = Al A2 AP

. /2 2 - .
fmn = fxm + f}'ll 6"’”1 = a’rCtan fxm/fyn



116 2001 4
O S/ fe “rexp = JAn/C- x1fun + Yifyn  exp = 2nf 1 O
E - sinc(2n/C- Lyfymsin 0, — 0, ) B
, O O 0
em = 0 m O 9
O O
E o/ fe “rexp — 4/ C- xpfun + Yefyu  €xp — 270f,Yp E
0 - sine(21/C+ Lpfosin 0,,, — 0p ) U
3 F
M N M N
F=221Dmn -eyal®>=2>21D,, -e,al’ 10
m=1n=1 m=1n=1
F 3 3
éML = arggninF & 11
a X v oa Vi L 0, F, a
a = E"E “'E"D 12
D= Dy Dy DinDyuDyp Dyy " E= ejen epneyen eyy '
12 10
M N
F=2>> 1D, - e, E'E ""E'D > 13
m=1n=1
xoyoa v L 0 [
MLE 13
MLE
2.3 TD-GTD
13
TD-GTD
FFT
7
E— AGR ISAR
TD-GTD
1
ISAR AGR
TD-GTD
Oth
2
AGR
AGR
7
2.4 TD-GTD ML-RELAX
RELAX ML RELAX
ML-RELAX MLE



117

MLE
P
M N P
Jp & = Z%Z;‘Emn— Z;Ef,m
E., = AL(J;’:’")aiexp{;éﬁt Xifon + YVifyn }exp = 2nf Vi sinc(
&
J &
M. N P
& = 220 By - DE, - B
ek
J &
M N
J & = 2520 | By - Ely 12
m=1n=1
MLE
ML-RELAX
P ML-RELAX
1 i=1 MLE A
&
2 i=2
a 1 & En nl=Y a1 Ep = E
&
b & Er N s MLE
c
3 i=3
a 2 IR S O SR S O S
MLE &;
b 52 53 5] El 63
c
4 i=i+1 i
3
TD-GTD
19.4GHz ~ 20.6GHz 20MHz
4 TD-GTD Su Sk
2 x
V4
V=7 f 4
Suxn

SNR
SNR = 10log;y o2/0% dB

2 ch;mz

—~L;sin 0, -

C
k

¥y ar V1 Ly 0,

M N

mn m=1 n=1

Em,n = Emn, - Einn - E2

mn m=1 n=1

& &

i=P

ISAR
—30 .3

M=N=6l

Y

MLE

&

Sdl Sd2

&

M N

0.1°

14

15

16

17

&

18



118 2001 4
1 M N
2 2
a,g_MxN,§§|smn| 19
2
Tab.2 Values of scattering centers
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Tab.3 Estimated parameters using ML-RELAX algorithm
A x m y m a Y L m 0
Si 0.9611 0.5063 - 1.0015 0 0.8710 — —
Sp 0.9947 0. 0064 0.0021 1 0 — —
Sai 5.8917 0.9833 2.1973 0 — 1. 1086 1.8710°
Si 6.0370 0.0328 3.0049 1 — 0.7651 - 1.0558
ML-RELAX SNR - 3dB 0dB 3dB 6dB
9dB 12dB - SNR Sa1
CRB 5 y
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