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Method for Estimating System Operating Range Based on the Nonlinearity of
a Squint Synthetic Aperture Radar Signal Transformation
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Abstract

In this paper, we propose a method for analyzing the nonlinear characteristics of a squint synthetic aperture radar(SAR) signal
conversion process and estimate the system operating range suitable for stable SAR image reconstruction using the proposed method.
The Doppler spectrum can be analyzed by applying the principle of stationary phase to the squint SAR signal model. Consequently,
the relationship between the azimuth samples and the Doppler frequency can be derived. The nonlinear error of this relationship formula
optimized for the squint SAR geometry is included in the signal processing, and it affects the squint SAR image reconstruction under
various operating conditions. The performance of the reconstructed SAR images is analyzed using the correlation between the various
operating conditions and nonlinear errors, and the results are validated via simulation.
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Fig. 1. Geometry of squint SAR system.
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Table 1. Specification of squint FMCW-SAR system.
Items Spec. Note
Frequency X-band -
Chirp rate(K,) Sell Hz/s fowep=1 S
Range bins 1,252 samples f~1.2 MHz
Azimuth bins 2,001 samples -
Squint angle( #,,) 0°~75°
Beamwidth( ¢ gy) 1°~15° 0 s=50°
SA length(L) 25~372 m -
Incident angle( & ;) 45° -
Altitude(Hp) 1 km -
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Table 2. Simulation result by test conditions.

Test setup

No.
( Pew, P sq)

Results (AR, Au, PSLR-Rg, Az)

0286 m | 0225 m | —14.9 dB,

DN 1 %03 m | 023 m | —133 dB

0293 m | 0169 m | —159 dB,

@ | 75 30 (0.3 m) | (*0.158 m)| —10.5 dB

029 m | 0156 m | —15.8 dB,

@] 10 3 1 %03 m) | 0.8 m)| —10.5 dB

0279 m | 0178 m | —15.7 dB,

@ 3 0% 1 %03 m) | (%0183 m)| —169 dB

0279 m | 0.638 m | —14.7 dB,

© | 3 60° 1 %03 m | 0711 m)| —133 dB

0288 m | 0271 m | —159 dB,

© 1 7313 03 m) [ (#0286 m)| — 115 dB

(*theoretical values or estimated values)
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