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Abstract

Since most space-based synthetic aperture radar systems have an accuracy of less than one meter in
the resolution of images, very accurate processing of synthetic aperture radar data to produce images
with high-resolution accuracy is of particular importance. In this article, methods for actual modeling
and simulation of the space-based synthetic aperture radar system are presented and the raw data were
obtained. For simulation and modeling, the main characteristics of the real satellite synthetic aperture
radar system related to sensor mode/dynamics, target observation, antenna beam patterns, pointing
errors on the antenna beam, and raw data generation are reflected. Analyzes based on simulations
show the effectiveness of the presented methods. In the simulation, the presented method compensates
for the phase errors induced by the aiming errors of the antenna beam. The results of the centralization
of raw data, the calculated value of the resolution accuracy of the slant range is equal to 1.89 meters.
Also, the average values of the measured slant range resolution accuracy, peak side-lobe ratio (PSLR),
and integrated side-lobe ratio (ISLR) for the Interrogation Rate Frequency (IRF). An unweighted point
in the focused image was obtained around 1.94 m, 13.57 dB and -10.26 dB respectively. The
calculated value of azimuth resolution accuracy is 2.24 meters and the average values of measured
azimuth resolution accuracy, PSLR, and ISLR for unweighted point target IRFs are 2.29 meters, -
12.57 dB and -9.68 dB, respectively. These results show the effectiveness of the proposed method. In
other words, the performance of space-based synthetic aperture radar image formation using the
proposed method for raw data is very good, so the various effects induced by the real synthetic
aperture radar sensor are reflected. Therefore, these results confirm the proposed methods for forming
the space-based synthetic aperture radar image.
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Figure (1): The general concept of the artificial aperture radar simulator of the space station [9]
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Figure (2): The general flow of radar modeling of the artificial crater of the space station [10]
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Figure (4): Point shifts on the antenna beam caused by pointing errors [20]
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Table (2): The parameters of the artificial aperture radar system of the spacecraft and the pointing error parameter on the antenna beam
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Figure (5): Flowchart of artificial aperture radar image formation
28 pbplen pagl slas polie 5 095 o GuSaio ol ddgi b5 laosls (59, T g (59,ala5 (silancd (o
Sgds oo ool T uSoH Ll olie ) Sy polie oS Gl Grimen e oo eald el 0al sols (Las (V) Jso
pls osls (8) U 50 .l oo wSate byl (59, ablad egtas ailas lol) pitacew 2l ol 3h a5 sl slaosls
sz o U’"’T ¥R ey OB 6*515 SIS 6l eais (g jlwancs ‘al:} oals u,»‘ (e Lol 03 03ld oldd ouls ades
olis el jo il 955 (59,85l glallas Sl 3as,ls 1) eaias ailas Sl 50 ol 95 gsymilis slallas 5l ol 5l

e S ol g5leS yeie sla g, 0,8 les b3l yo colatul gl plB slaools sl el ool ools

Silwamd @S Jolowi -F-Y
sblyy bz g (Bolai sl o 05 (o0 plnil lalla> (03,57 0)l5 (g o agi pls 00ld (59, 2 (55land lu]
—03,23) ,ls 05 wi,oSI sl Jol Al o sl (6 5luand 5l onel Cansdy gl a5 g oo 8Ll il g5 (gg,ailas

el oo @l (A) JS 5o slabhais Boa ol Cawdds 5 (6 5lwdnd gulis 5 oo @311 (V) IS o (a).; <ok

Arvem sgwl of (ve B Raw SAR Signal

T

| \‘ ‘
j; [ '\“ ({1
Il

pls ools Qﬁ)‘] JEEs (@) pl> ools egian ailas glal) JLSs (&l
0ol ddgi plS 0010 (g5 lwancd g LG (F) S
Figure (6): Simulation results of generated raw data, a) Synthetic radar aperture signal of raw data, b) Azimuth signal of raw data

07



FA-LY NFF L /S5 g Cuads o)lods fooplis Jlo /G Cae ;0 Jiadigd sl oy, 4 il

Loz yqas (AN

e e

o5l g s9,alas sblgy 9 Bolas sllas g9 5 (43,5 3)ls () Holas gllas 40,5 9 )lg (&)

(851 (8303 p8) o 853 s 395U Sl 4l yo (515221 (g 3luvands i (V) JS
Figure (7): The simulation results obtained from the first stage of the Doppler board algorithm (board compression), a) NO error, b)
Introducing random error, c) Introducing both random error and pointing angle error on the antenna beam
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Figure (8): The results of simulation and obtaining the point target, a) Without error, b) Introducing random error, c) Introducing both
random error and pointing angle error on the antenna beam
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Figure (9): The simulation results obtained from the interpolated azimuth interrogation rate frequency of the point target to investigate the
performance of the artificial radar aperture focusing method, a) Without error, b) Introducing random error, c) Introducing both random error
and pointing angle error on the antenna beam
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Figure (10): The simulation results obtained from the interrogation rate frequency of the interpolated range of the point target to investigate
the performance of the artificial radar aperture focusing method, a) Without error, b) Introducing random error, c¢) Introducing both random
error and angular error. Mark on the antenna beam
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