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Abstract: In synthetic aperture radar (SAR) imaging, the traditional phase gradient autofocus (PGA)
algorithm relies on multiple iterations to estimate and compensate for motion-induced phase errors, but its heavy

computational burden limits the real-time imaging performance. To address this issue, this paper proposed
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a single-iteration PGA algorithm based on multi-dimensional target selection and adaptive window width. The
method began by calculating and ranking the energy of range bins to preliminarily select high-energy units.
Subsequently, it used dual constraints of signal-to-noise ratio (SNR) and local contrast to accurately isolate
strong scatterers from clutter. During the window width estimation stage, the fixed threshold approach was
abandoned in favor of an adaptive strategy based on local energy distribution. This involved calculating the
global average energy, identifying the mainlobe region, and then extending it by a certain percentage to form
a baseline window width. Finally, a phase consistency verification mechanism was introduced, where the
variance between the phase error gradient of each candidate point and the global average pattern was computed
to eliminate anomalous scatterers. By clustering the phase gradients of the filtered strong points, a single global
phase error estimation was achieved. Validation using measured data from a K-band aircraft SAR system shows
that after a single iteration, the proposed algorithm achieves better peak side lobe ratio (PSILR) and Integrated
side lobe ratio (ISLR) for point targets compared to traditional PGA and other improved PGA algorithms even
after multiple iterations. The residual phase error is significantly reduced, and the image focus quality
approaches the ideal state. The proposed algorithm, through the construction of a four-dimensional joint
evaluation metric (energy-SNR-contrast-phase consistency) and adaptive window width adjustment, achieves
high-precision phase error compensation within a single iteration. This significantly enhances the efficiency and
real-time capability of SAR imaging, providing an effective solution for high-resolution real-time imaging
applications.

Key words: synthetic aperture radar; phase gradient autofocus; phase error compensation
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