
SMWD 2023, KTH Royal Institute of Technology, Stockholm, 23rd - 25th May 2023

THz SAR Image Autofocusing based on the Integration of Compressed Sensing into the
Backprojection Process

Yevhen Ivanenko*(1), Viet T. Vu(1), and Mats I. Pettersson(1)

(1) Department of Mathematics and Natural Sciences, Blekinge Institute of Technology, 37179 Karlskrona, Sweden
{yevhen.ivanenko,viet.thuy.vu,mats.pettersson}@bth.se

1 Introduction

Exploration of THz frequencies provides opportunities for the realization of new applications in future 6G systems. One of the
potential applications is short-range high-resolution remote sensing, which is of great interest in the area of logistics, security,
and indoor imaging. To perform remote sensing with high resolution, the synthetic aperture radar (SAR) principle can be used.

THz SAR imaging is an active research topic with the aim of designing an imaging system that can be mounted on various
dynamic platforms. The current state-of-the-art THz SAR systems include ground- and rail-based realizations. Different THz
SAR systems have been developed to perform high-resolution imaging at frequencies up to 1.1 THz; see [1–9] for details.

The performance of THz SAR imaging systems is sensitive to phase errors. Practically, phase errors occur due to path de-
viations, which can be caused by platform vibrations, speed variations of SAR platforms, accelerations, etc. To handle this
issue, the backprojection algorithms [10–12] are natural solutions for THz SAR imaging systems due to their internal motion-
compensation procedure, which is efficient if the deviation information is a priori known. However, if the path deviation is
unknown, an additional motion-compensation procedure as an add-on to the backprojection algorithms is necessary. This refers
to autofocusing.

In this presentation, we propose an autofocusing algorithm based on compressed sensing, which is incorporated into the back-
projection algorithm as a natural extension. The algorithm eliminates phase errors based on the optimization procedure for a
single range bin. The components of the backprojection algorithm, such as the interpolation sinc kernel and range distance
between the SAR platform and a point in the image plane, are used under the construction of the sensing matrix.

2 Problem Formulation

In practice, modern frequency-modulated continuous wave (FMCW) SAR systems, which operate at THz frequencies and can
potentially be mounted on UAV platforms, can be sensitive to phase errors due to path deviation, e.g., caused by platform vibra-
tions. Consider a setup for two-dimensional monostatic SAR imaging, which is based on an FMCW radar. The radar transmits
the frequency-modulated continuous wave signal. Suppose that there is a scatterer in the SAR scene under illumination. The
signal received due to the scatterer is down-converted to the intermediate frequency domain and then range-compressed.

Let the slant range plane be the defined image plane into which the samples of the range-compressed signal are backprojected.
Furthermore, let the global backprojection (GBP) algorithm be the image formation algorithm. In the presence of path deviation
of the SAR platform, the actual range distance between the platform and the scatterer in the scene under illumination can be
expressed as Ract = R+∆R(τ), where R denotes the range distance estimated for the ideal path by and ∆R the path deviation
containing errors in the azimuthal and range directions for given aperture position at azimuth time τ . Consequently, the path
deviation causes phase errors, which can be included in the representation of the reconstructed SAR scene. To restore an
accurate SAR image reconstruction, phase errors have to be eliminated.

Consider a single range bin of the reconstructed SAR scene for a fixed range. Each pixel of the reconstructed image over the
given bin is obtained based on the GBP algorithm using the sinc interpolation procedure. The range bin of the reconstructed SAR
scene can be described by the linear measurement model in the matrix form, where the sensing matrix is underdetermined and
well established to represent sparsely a SAR echo in the image plane for a given range. The compressed sensing theory is utilized
to estimate phase errors by solving the convex-relaxed constrained l1 optimization problem. The optimization procedure is
repeated iteratively with updated phase-error input information until the difference between two adjacent phase-error estimates
satisfies the required threshold.



3 Conclusions

In this contribution, the autofocusing procedure based on the compressed-sensing approach has been incorporated into the
GBP algorithm as an additional motion-compensation procedure. The proposed algorithm requires a single measured range
bin as an input to estimate phase errors. The algorithm uses the advantages of the backprojection algorithm to construct the
sensing matrix. The performance of the algorithm will be tested on real data acquired through the outdoor SAR imaging
experiment with a wideband 154 GHz FMCW radar. The main conclusion is that the additional autofocusing-based motion-
compensation procedure reduces the phase errors caused by speed variation, acceleration, and path deviation and improves the
image reconstruction in terms of quality, e.g., an improvement of about 23.6% of the −3dB azimuthal resolution is obtained
with the autofocusing approach.
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