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Measurement of soil moisture content on a global scale have gained increased
interest over the years, due to its essential role in agriculture and most impor-
tantly in predicting the occurrence of natural disasters. This paper is dedicated
to a study on GNSS Reflectometry (GNSS-R) using a low-altitude airborne
carrier for soil moisture estimation with 1 ms rate of carrier-to-noise ratio ob-
servations. The principle of GNSS-R is the exploitation of L-band navigation
signals as sources of opportunity to characterize the earth surface, because the
reflected signals are often affected by the nature of the reflective surface. To
scan large regional surface areas and quickly reach the areas to monitor, a dy-
namic GNSS-R system is considered.
The GNSS-R setup used in this study consists of RHCP and LHCP antennas
mounted on the nose of a gyrocopter and of a Syntony front-end GNSS receiver.
In addition, the gyrocopter is equipped with a signal digitizer and mass storage
devices for digitizing and storing the base-band GNSS direct and reflected sig-
nals along the flight. A drone sensors board is also attached to the gyrocopter,
which records the gyrocopter’s attitude and position at 1000 Hz rate along its
trajectory. To cope with the rapid displacement of the satellites’ footprints
along the receiver trajectory, high rate (1 ms) of carrier-to-noise ratio observa-
tions are processed with the data collection of the base-band RHCP and LHCP
signals.
In the context of the study, it is very important to localize the reflective sur-
faces (satellites’ footprints) from which each processed signal has reflected, and
thus detect which areas were scanned during the flight. The link between the
reflected signals and the satellites’ footprints is based on the GPS time, attitude
and position provided by the drone board and the GPS time extracted from the
digitized GNSS signals. We show that these parameters allow to determine, at
ms rate, the satellites’ footprints locations (i.e. the surface areas) from which
each signal has reflected at a specific GPS Time. A Geographic Information
System is developed based on this principle to map the measurements obtained
from the GNSS-R airborne setup along a real receiver trajectory. The ulti-
mate aim of this study is to link the obtained GNSS-R measurements with the



scanned surfaces to provide a soil moisture mapping of the studied area.


