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PSF Analysis and Ground Test Results of a Novel Circular
Array 3-D SAR System

Ming Jing Zhang Xiaoling Pu Ling Shi Jun
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Science and Technology of China, Chengdu 611731, China)

Abstract: Array Synthetic Aperture Radar (ASAR) system radar imaging field has gained attention because of
its three-dimensional (3-D) imaging ability. A novel Circular Array SAR (CASAR) system is employed for 3-D
high-resolution radar imaging to overcome the drawbacks exhibited by linear array SAR in high-resolution
imaging and by circular SAR in side-lobe suppression. Point Spread Function (PSF) model based on the
CASAR system is derived, and the advantages of the new configuration of the circular array in 3-D imaging are
theoretically analyzed. Prototype CASAR experimental system is built on the basis of the abovementioned
analysis. PSF simulation experiments and outdoor 3-D CASAR imaging experiments under outdoor conditions
are performed to verify performance of the CASAR system in 3-D SAR imaging. Compared imaging results
acquired using linear array SAR, circular SAR, and CASAR system proves that the CASAR system has high-
resolution 3-D SAR images and demonstrates effective side-lobe suppression capability.
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Tab. 1 Simulation parameters
SARZRYE
iHZH
LASAR CSAR CASAR
(E5] HA ik B ke B ke
F A (GHz) 5 5 5
ZE PR (m) 1000 1000 1000
PRF (Hz) 10 10 10
B HEE (m/s) 6 6 6
B ALR I TE] () 105 105 105
SR A= (0,0, 0) (0,0, 0) (0,0, 0)
LRI T 500 1 500
AP FE (m) 30 - 30
[ i 242 (m) 100 70~100
A RS KE - 2mr 2nr

(b) CSARAEHY
(b) CSAR model

0
X (m) X (m)

(c) CASARAEZ!
(c) CASAR model

2 ANFRISARMEAL S HOeR L
Fig. 2 PSF images of the different SAR models
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Tab. 2 Cross-track performance comparison

SEIG AR 3 dB7 % (m) PSLR(dB) ISLR(dB)
LASAR 1.80 ~13.28 ~11.60
CSAR 0.22 ~7.89 ~1.58

CASAR 0.25 -8.56 -5.31

3 HESUNER
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HEAT I PR B R SR

A B4 (a) iR JR B CASARSE R R 48,
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(b) Target scene of CASAR imaging experiment
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Tab. 3 Experiment parameters

CASARSH &
UGS (GHz) 6.5
#1141 (GHz) 8.5

SF5 554 801

[53) 3208 ¥4 271 3 K 4% (m) 1.3
[ 725 R 51 5 /N 4% (m) 0.8

Bk1: (6.7,0,1.4) m
BR2: (8.5,0.9,1.6) m
BR3: (8.5,-0.8,1.6) m
BR4: (10.9,0.5,1.8) m

HARfrE

%107

" Ball 4[15

Z (m)

(c) BRLf24E )l
(c) Slice of the Ball 1 in CSAR

7 CSAR SEHG 453
Fig. 7 CSAR experimental results
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Tab. 4 Performance comparison

SRR

Sr ¥ (m) PSLR(dB) ISLR(dB)

CSAR
CASAR

0.05
0.05

-8.325
-9.191

—2.999
-6.433
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