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Research objectives: --(max 10 rows)

In recent years, it has been shown that synthetic aperture radar (SAR) techniques can be employed in co-located Multiple-Input Multiple-Output (MIMO) radar systems to generate accurate images. Further improvements can be potentially obtained through the use of carrier frequencies in the mmWave/sub-THz, since the large available bandwidths results in a very high range resolution; moreover, the short wavelength enables the development of compact antenna arrays. These characteristics are especially attractive for short- and medium-range applications, such as industrial inspection, robotic perception, and material characterization.

However, practical mmWave/sub-THz MIMO-SAR systems still pose several challenges. At short ranges, the observed scene is often located in the near-field region; this makes conventional far-field SAR models and image formation algorithms inaccurate. Moreover, the use of sparse MIMO arrays and reduced scanning strategies, required to limit hardware complexity, acquisition time, and computational burden, may substantially degrade image quality. Finally, the high sensitivity to calibration errors, phase noise, channel imbalance, positioning inaccuracies, and hardware nonidealities requires accurate and computationally efficient reconstruction methods.
Proposed research activity -- (max 10 rows)

This research activity concerns the development of signal processing methods for compact mmWave/sub-THz MIMO-SAR imaging systems. It requires: a) modelling the signal acquired by mmWave/sub-THz MIMO-SAR systems in near-field conditions; b) designing sparse MIMO apertures and reduced scanning strategies to limit hardware complexity, acquisition time, and computational burden; c) developing two-dimensional and three-dimensional SAR image formation algorithms; d) developing methods for the compensation of calibration errors, phase distortions, channel imbalance, antenna positioning errors, and other hardware nonidealities; e) assessing the accuracy and computational complexity of the developed methods in realistic scenarios.

The performance of the proposed algorithms will be assessed through numerical simulations and, when possible, through experimental data. Particular attention will be devoted to short-range high-resolution imaging applications, such as industrial inspection, robotic perception, and material characterization.
Supporting research projects (and Department) – All the research activities will be accomplished at the Department of Engineering “Enzo Ferrari” (Modena, Italy)
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