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Abstract

Synthetic Aperture Radar (SAR) is a coherent imaging technique capable of generating fine
resolution images from long stand off ranges, either day or night. The use of multiple antennas
for SAR is referred to as multichannel SAR and offers the additional abilities to perform height
estimation of the ground, improve the resolution and suppress backscatter and/or undesired

interferences.

The first part of this thesis looks at the problem of image formation for a multichannel SAR.
Three wavefront reconstruction algorithms are presented based on the multichannel matched
filter imaging equation. They demonstrate differing levels of performance and accuracy which
will determine their practical use. A fourth algorithm known as multichannel backprojection is
then presented to provide comparative quality with the best wavefront reconstruction algorithm

with a reduced computational load.

The remainder of the thesis is then focussed on image formation while suppressing undesired
interferences. This topic has not received a lot of coverage in the literature as the application is
primarily for defence. If present in the mainbeam of a SAR, a jammer can potentially destroy a
large region of the SAR image. In addition to this, multipath reflections from the ground, known
as hot-clutter or terrain scattered interference will add a non-stationary interference component
to the image. The goal of interference suppression for SAR is to suppress these interferences
while not significantly effecting the image quality by blurring, reducing the resolution or raising
the sidelobe level.

A study into the effect of hot-clutter interference on a SAR image is provided with a compar-
ison of suppression techniques using multichannel imaging, optimal slow and fast-time Space
Time Adaptive Processing (STAP). Simulation results indicate that fast-time STAP offers the
best potential for suppressing hot-clutter while maintaining a coherent SAR image. Further
investigations using a sub-optimal fast-time STAP filter are then presented to determine the
best location of the adaptive filter in the SAR processing chain and how to best implement it
in the real world. A number of suitable filters are introduced with reduced computational load
and rank. They are based on a constrained optimisation criteria and include data-independent
methods such as fast-time element and beamspace STAP as well as data-dependent eigen-based

methods and the multistage Wiener filter.
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