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Abstract. The possibilities of electrodynamic model of relict radiation
scattering by vegetation cover to improve the accuracy of soil
characteristics measurement by microwave radiometer are demonstrated.
The dependence of the reflective characteristics of the soil-vegetation
system on the type and parameters of vegetation cover is considered. The
accuracy of measuring the radio brightness temperature of the soil is
estimated depending on the type and characteristics of the vegetation
cover.

1 Introduction

Then measuring the soil moisture and surface temperature using a microwave radiometer
[1], vegetation cover significantly influence on the measurement results [2], as vegetation
partially reflects and partially absorbs the relict radiation of the celestial sphere, as well as
shields its own radiothermal radiation of the soil. Modeling of reflective and absorbing
characteristics of vegetation in active and passive remote sensing of the earth in order to
determine the soil moisture and vegetation parameters has described by many researchers
[3-5]. Taking into account the influence of vegetation cover to clarify the results of
measuring soil moisture and temperature is an urgent task and requires the development of
new methods for modeling the interaction of an electromagnetic wave with the surface of
the earth covered with vegetation L-band microwave radiometer, designed for remote
measurement of soil moisture in a layer up to one meter depth from the board of the
unmanned helicopter.

Microwave radiometer antenna, located on unmanned helicopter, directs to the earth
surface so that the antenna paten axis have some angle with vertical line. In this case the
microwave radiometer output signal will be the sum of two waves, one is one earth thermal
emission and second the sky relict emission reflected from earth surface. The location of
microwave radiometer is shown on Fig.1.
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Fig. 1. The location of microwave radiometer.

The microwave radiometer must be able to measure the brightness temperatures both
vertical and horizontal polarized waves. The radio brightness temperatures Ty and Ty are
measured by radiometer on vertical and horizontal polarizations. From the measured values
and regarding the known soil temperatureT, and the sky relict radiation temperature Tg, it is
possible to calculate the reflection coefficients for the vertically polarized wave ry and
horizontally polarized wave ry (1)
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Reflection coefficients ry and ry are also determined by Fresnel formulas (2)
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Formulas (2), at a known incidence angle ® and calculated from the measured values ry
and ry, represents equations where the unknown is the permittivity of the soil, which in
general is a complex value e=g|+ie, . The joint solution of the system of equations (2)
makes it possible to determine the real and imaginary parts of the soil permittivity, which
depends on the soil moisture value.

When the soil surface covered by vegetation, the brightness temperatures reflected and
emitted waves are not exactly defines by formulas (1) and (2). So the accuracy of soil
moisture calculation will be reduced. To improve the accuracy it is necessary to regard the
scattering relict emission on vegetation and the absorption soil emitted wave in vegetation.
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This is difficult problem not completely solved up to current moment. One of passible
approach to solve the vegetation influence problem is to simulate the electro-magnetic
wave scattering on dielectric structures in mathematical model. To show the results of such
modeling in simplest case is the purpose of this article.

2 Electrodynamic model of relict radiation scattering

To simulate the wave scattering on the grass model has been designed (Fig.2).
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Fig. 2. The grass model.

The grass represents like cylinders of dielectric material with different lengths and
diameters. The probability of parameters distribution was considered as constant. The
number of grass blades per unit area are constant. A plane electromagnetic wave on vertical
or horizontal polarization in the L-band falling on a flat surface at some angle to the vertical
is simulated.. The parameters of the electromagnetic wave reflected from a flat surface with
cylinders and their dependence on the input parameters of the model are calculated. A plane
electromagnetic wave of vertical or horizontal polarization propagating from a flat surface
into open space through a system of cylinders simulating the soil's own radiothermal
radiation is also simulated. The parameters of the electromagnetic wave passed through the
"grass" layer are calculated.

3 Simulation results

The field distribution was calculated in «Comsol Multiphysics». The results of calculations
for incidence angels 45 and 0 degrees are represented on Fig. 3.
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Fig. 3. The field distribution for incidence angels 45 and 0 degrees.
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The scattering cross-section chart is representing on Fig.4.
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Fig. 4. Scattering cross-section chart.

Similar calculations were made for different incidence angles, different wave
polarizations, different values of grass simulation parameters. It is impossible to present all the
results in a short paper. But the general analysis of the results showed that even in the L-band in
some cases the scattering cross-section has a significant value. It is not possible to measure soil
moisture, as the soil is screened by vegetation, and influence is different for both polarizations.
In any case, the presence of vegetation makes significant errors when the brightness
temperatures is measuring. In the presence of vegetation, a priori information about the nature
of vegetation and appropriate models are required to account for its influence.

4 Conclusion

As aresult of the research it is possible to make the following conclusions:

- the presence of vegetation on the soil surface impairs the accuracy of radiometric
meters of soil temperature and humidity;

- additional a priori information on vegetation parameters is required to account for the
shielding effect of vegetation cover;.
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