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Integrated Compressive Sensing and Autofocus for SAR Imaging
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Abstract

High-resolution synthetic aperture radar (SAR) imaging requires large bandwidth and storage capacity, and trajectory errors caused
by the motion of airborne or unmanned aerial vehicle platforms can degrade image quality. To address these challenges, compressive
sensing (CS) is introduced to reduce the SAR raw data volume, and a novel method is proposed for SAR image formation that combines
CS-based recovery with an autofocus technique. For CS-based reconstruction, a modified low-rank and sparse decomposition (MLRSD)
scheme is employed based on the range-Doppler algorithm, and an autofocus algorithm is subsequently applied to mitigate image quality
degradation caused by residual phase errors after motion compensation. Through simulations using SAR modeling data, we present the
convergence characteristics of several autofocus algorithms combined with the MLRSD-based reconstruction technique. The quality of
the recovered SAR images was compared, and the best autofocus algorithm was selected for the proposed method. Finally, the proposed
method was applied to real vehicular SAR measurement data to perform SAR image reconstruction and autofocus operations using only
a part of the raw data. The experimental results demonstrate that the SAR image reconstructed using the proposed method exhibits
superior quality compared with those obtained using conventional techniques.
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Table 1. Airborne SAR modeling parameters.

SAR mode Spotlight monostatic
Carrier frequency (f,) 9.6 GHz
Slant range to scene center (%) 20 km

Range FM rate (K) 0.25 x 10" Hz's

Velocity (V) 120 m/s

Sampling rate (f,) 7.5 MHz
PRF 100 Hz
Antenna length 33 m

Target image size (N, X V,) 256 256 pixels
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Fig. 4. Target image for modeling of reflection coefficients.
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Fig. 6. Comparison of reconstructed SAR images using
modeling data.

3 AF dFAE AL G A HolHE
ol gallA Y533, MLRSDS} AlSte 7| 45 4=
A A48 dA] dolHE ARS-at3ith 8 MLRSD
gk At 71 el 7 A AMEY A Feof met A
ol WstHBE S RoAAS AHE HAeA A
A%E Fotch

3 2004 zhed 9% @At gl Wl RDAE 4% A%
o] Adetghe YE L, 2 ) QS BAFEA] ¢
RDAE RE AfA 7P Y A5S Bl Algtd
e AR daES MR AsxAs X

1232

E 2 299 dolHE o8l BA% SAR 94 E
LI
Table 2. Comparison of reconstructed SAR image quality
using modeling data.

Target Imaging method P(?;;{ NMSE (Entropy|Contrast
RDA without | 16 36 1 0.0089| 1063 | 0.530
phase error
RDA with 1746 10.0930| 10.72 | 0.459
phase error

MLRSD without
. SDwithowt | 19 11 10,0017 10.72 | 0.467
Naval air autofocus

station | Proposed method

with PGA 23.10 | 0.4430| 10.66 | 0.508
Proposed method

with MEA 2539 10.0845| 10.64 | 0.525
Proposed method

with FPA 26.92 |0.0122| 10.64 | 0.527
RDA without 1 o1 00311 10.11 | 0.864
phase error

RDA with 113 77 1 02407 1050 | 0.636
phase error
MLRSD without 1) 46 | 02377 1050 | 0.637
Solar autofocus
tower Proposed method
with PGA 17.00 | 0.2297| 10.18 | 0.797
Proposed method

with MEA 17.86 [0.1229| 10.10 | 0.842
Proposed method

with FPA 21.47 {0.0573| 10.11 | 0.845
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Table 3. Parameters for experimental SAR platform.

SAR mode Stripmap monostatic
Waveform Pulse
Carrier frequency (f,) 9.66 GHz
Bandwidth 600 MHz
Sampling rate (f,) 800 MHz
PRF 1 kHz
Velocity (V) 21.72 m/s
Altitude 25 m
Slant range to scene center (/) 563 m
Target image size (NN, X N,) 8,192 % 1,024 pixels
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Fig. 8. Image reconstruction using real vehicular SAR data.
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Table 4. Reconstructed SAR image quality using vehicular

SAR real data.
Imaging method Entropy Contrast
RDA without phase error 14.40 1.04
RDA with phase error 15.54 0.71
MLRSD without autofocus'” 15.76 0.70
Proposed method with FPA 14.90 0.97
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