Soil Moisture Remote Sensing Using

GNSS-R Technique __ &W

— Introduction \
Understanding the natural processes and the effects of human intervention in our planet is of great importance to guarantee a prosperous and sustainable living for human beings. Soil moisture is a key parameter for this purpose. It has an influence on many processes
in ecological cycle like climate change. Especially, it is well known as a major relevance in the agricultural sector. As a consequence, it is significant to measure this parameter with the appropriate accuracy and resolution requirements. Nowadays the most common way
to measure s0il moisture is with in-situ sensors. These technigues have high measurement reliability but remain inappropriate to cover regional and global scales given the vast amount of resources that would be necessary to perform such campaigns. In order to bridge
this gap, remote sensing methods have been proposed for soil moisture remote sensing, which is based on the large contrast of the dielectric properties of et and dry soils throughout most of the electromagnetic spectrum
Global Mavigation Satellite System Reflectometry (GMNS5-R) was proposed as ocean altimetry firstly during 19905 and it has been applied to soil moisture remote sensing since 2000s. When GNSS signals impinge on the Earth, the scattering surface leaves its imprint
on the reflected signal. In 2000, NASA & University of Colorado made the first experiment to monitor soil moisture based on GNS5-R — SMEX 02-03. Since then, many researches on soil moisture remote sensing using GNSS-R technique were conducted (e.g. Egido
et al., 2008; ESA, 2010; Larson, 2010; Egido et al., 2012; Egido, 2013; Yin et al., 2015). A lot of scientific literature about the GN55-R technical fundamental and its advantages, general idea of soil moisture remote sensing using GNSS-R technique is available. Nevertheless
there is a lack of
scientific literature about GNSS IF signal data processing using MATLAB to estimate the soil moisture and performance analysis, including the sensitivity and accuracy.
In this project we proposed a methodology of GNSS signals processing in soil moisture remote sensing application using MATLAB and per formance analysis. 3-day BeiDou and GPS IF data, from November 26, 2014 to November 28, 2014, collected by Shandong Taian
Meteorological Administration in November 2014, were used. RHCP
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November, 26, 2014 to November, 28, 2014. A brief summary of BDS/GPS tracking correlation values is provided in the below. iter calcurating reflectivity, In the previous step, soll relative permittivity and soll molsture were calculated using

Eurthermore. we got also the non-calibrated I‘“EﬂEl’.‘l'l'lu'Ityr values. Then, l'EﬂEttht‘l_f values were calibrated for antenna gain and soil roughness, and relative
BDS GPS Total BDS/GPS t; lit B imuth and soil permittivity and soil moiture calculated again. The picture below shows a comparison between the soil moisture values
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Studying GNSS-R for the first time was a great challenge and meanwhile interesting where a good knowledge has been
obtained about GNSS-R principles and GNSS-R IF data processing for soil moisture calculation using matlab. Soil moisture
sensitivity is generally regarded good for microwave signals at 1.4 Ghz. Basically soil moisture sensitivity is impacted by
temperature, density of water and vegetation canopy, and some meteorological events such as rain.

[1]. Egido, A. GNSS Reflectometry for Land Remote Sensing Applications. PhD Thesis. Universitat Politécnica de
Catalunya, 2013.

[2]. Yang D. GNSS Reflectometry. Lecture notes. Beihang University. School of Electronic and Information
Engineering, 2013.

[3]. Ferrazzoli, P., Guerriero, L., Pierdicca, N., Rahmoune, R. Forest biomass monitoring with GNS5-R: Theoretical
simulations. Advances in Space Research 47 (2011) 1823-1832, 2010.

[4]. Jin, 5., Komjathy, A. GNSS reflectometry and remote sensing: New objectives and results. Advances in Space
Research 46 (2010) 111-117, 2010.

[5]. Liu W., Yang D., Gao C., Zhang Q. Soil Moisture Observation Utilizing Reflected Global Navigaiton Satellite System
Signals. International Conference on Electrical Engineering and Information & Communication Technology (ICEEICT),
2014,

[6]. Yang D. Soil Moisture Content Detection based on GNSS Reflected Signal and its applications. Lecture notes.
Beihang University . School of Electronic and Information Engineering, 2012,
[7]. ¥in, C., Lopez-Baeza, E., Martin-Neira, M., Fernandez Moran, R., Peinado-Galan, N., Navarro, E., Egido, A.,

Mollfulleda, A,, Li, W., Cao, Y., Zhu, B,, Yang, D. Soil Moisture Remote Sensing with GNS5-R at the Valencia Anchor
Station. 2015.

Traditionally, GNSS-R data collection uses two antennas, RHCP for direct signals and LHCP for reflected signals. Nevertheless,
nowadays there are some research works on GNS5-R applications using 3 antennas, one up-looking, to receive direct signals and
two down-looking, to receive reflected signals. The data used in our project were collected using two antennas.

Some publications about GNSS5-R application in soil moisture remote (SM) sensing use SM models based on a flat surface.

Howewver, if high accuracy concerns our work, we should consider different factors in the SM model such as soil surface
roughness, vegetation canopy and system noise in order to refine our results.
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