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A Simulation Study on the High-Spatial-Resolution Signal
Processing for the Airborne Rotating-Antenna Microwave

Scatterometers

Abstract: The rotating scanning microwave scatterometer is characterized by its wide
observation swath, simple system architecture, cost-effectiveness etc., such that it has
been widely used in the remote sensing of sea surface wind fields. It serves as the
primary payload of ocean remote sensing satellites for ocean surface wind field
monitoring, and plays a key role in the research and operational applications of

marine meteorology and global ocean dynamics. However, conventional microwave
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scatterometers are generally real-aperture radars, which are incapable of acquiring
Earth surface backscattering measurement data with high spatial resolution. This
limitation hinders their capability in capturing fine-scale ocean features and restricts
the development of high-precision quantitative remote sensing. Therefore, this paper
focuses on high spatial resolution signal processing, and proposes to adopt the
Doppler Beam Sharpening (DBS) technique in the development of a novel rotating
scanning microwave scatterometer, with the aim of achieving both wide observation
swath and high spatial resolution simultaneously. Taking the airborne platform as an
example, a simulation experiment is carried out. Specifically, a signal-level simulation
workflow, which consists of key steps such as signal transmission and reception, pulse
compression, and DBS processing, is established. Then, the variation characteristics
of the spatial resolution of the novel scatterometer with scanning azimuth angle are
firstly explored. The simulation results demonstrate that the DBS processing generally
results in 10-times finer spatial resolution than that of conventional scatterometers
within ~74% of the observation swath. Furthermore, numerical simulations are carried
out to quantify the impact of signal-to-noise ratio (SNR) on the quality of DBS
“images” and the measurement accuracy of backscattering coefficients. The study
provides important technical support for the quantitative applications of this new-type
rotating scanning microwave scatterometer. On the other hand, the research findings
lay a solid foundation for the system parameter design of next-generation spaceborne
microwave scatterometers.
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Fig. 1 Point target settings and the corresponding simulation results: (a) spatial distribution of the



backscattering coefficient in the simulation scenario; (b) RDM image obtained by the DBS
processing; (c) reference amplitude Ug obtained from a uniform scenario; (d) the estimated

backscattering coefficient. The color bar of (a) represents natural values, the color bars of (b) and

(c) are both in dBW, and the color bar of (d) is in dB.
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