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Abstract: The receiving model of  the own soil radiothermal radiation by a bipolarized 
microwave radiometer when remote sensing the soil moisture from an unmanned aerial 
vehicle on low altitude is considered. The simulation is carried out taking into account the 
receiving antenna pattern with side lobes. The height, speed of  the carrier and the main 
lobe axis angle are taken into account. The main parameters of  the microwave radiometer 
for remote determination of  portraits of  moistened soils are given. The Earth's surface is 
modeled by a two-dimensional distribution function of  the soil permittivity on the thickness 
of  the near-surface layer and a deeper layer with a different permittivity value. The two-
dimensional permittivity distribution function represents as "checkerboard" with a periodic 
change in the permittivity of  the soil by "cells". Both the proper radiothermal radiation 
of  the soil and the relict sky radiation of  the celestial sphere, re-reflected by the earth's 
surface, are taken into account. The perspective of  using the simulation results to optimize 
the parameters of  the radiometer and remote sensing system according to the criterion of  
maximum sensitivity of  the system to variations in soil moisture content is analyzed.
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1. INTRODUCTION
Precision farming has been developing 
intensively over the past decade in response to 
the growing demand for food for a growing 
population. Precision farming technologies 
ensure efficient use and management of  
available resources to increase crop production, 
reduce freshwater consumption, preserve land 
fertility and protect the environment. Unlike 
traditional agricultural technologies, precision 
farming uses an approach with a variable rate of  
application of  fertilizers, water and protective 
equipment in the practice of  growing plants 
[1].

Large-scale effective implementation of  
precision farming depends on the availability 
and cost of  advanced tools and technologies 
suitable for the agricultural industry, such 
as intelligent machinery and robotics, global 
positioning system (GPS), sensor networks 
and monitoring, information collection 
and processing systems, etc. One of  the key 
components of  precision agriculture is remote 
sensing equipment responsible for measuring 
and processing data on the state (soil and 
agrophytocenoses). Remote monitoring in 
combination with satellite navigation data 
is used to build geographic digital maps of  

field humidity and temperature to control and 
optimize crop cultivation modes [2-4].

In the field of  remote sensing, monitoring 
of  soil moisture is of  particular interest due to 
global climate change in the main agricultural 
regions and the extremely large volume of  
fresh water used for irrigation. Campbell et al. 
[5] reported that more than 70% of  the world's 
fresh water is used for agricultural purposes. 
The level of  moisture content in the soil mainly 
determines the biophysical processes that affect 
crop yields and the state of  soil fertility. Thus, 
extended and detailed information about soil 
moisture is a key input parameter for a precision 
farming system and water flow control. 
Further processing of  geoinformation data on 
humidity with the help of  advanced digitized 
agricultural management leads to a significant 
improvement in freshwater conservation and 
an increase in crop production [4].

Over the past decades, several technologies 
for determining soil moisture have been 
developed, based on various physical principles 
and applicable for precision farming. These 
technologies differ in their intended purpose, 
practical application, accuracy, cost, weight, 
etc. However, the most suitable solution 
for determining soil moisture for precision 
farming is a mobile, lightweight, high-precision 
measuring system that provides remote 
measurement of  soil temperature and humidity. 
The demand for such a system is associated with 
a growing number of  monitoring applications 
based on unmanned aerial vehicles integrated 
into the infrastructure of  precision agriculture. 
Mobile sensor equipment is also suitable 
for integration into agricultural intelligent 
machinery and robotics [2], [3], [6].

Traditional methods for determining soil 
moisture are usually based on stationary sensors 
or sampling soil with analysis in the laboratory. 
These methods use various physical principles, 
such as laboratory analysis of  a soil layer sample 
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by gamma radiation; the method of  borehole 
neutron scattering (neutron probe); various 
electromagnetic sensing technologies, etc. 
[7]-[9] Traditional methods are actually point-
based measurement methods that make the 
development of  a soil moisture map extremely 
difficult if  the number of  measurement points 
is insufficient. Obviously, these methods 
cannot be widely used in applications where 
the mobility of  a sensitive device is important.

For the purposes of  aerial and satellite 
monitoring, various advanced methods have 
been developed to provide remote measurement 
of  soil moisture. Technologies of  remote 
sensing of  soil moisture are widely represented 
by two methods: active sensing, in which the 
device reads reflected electromagnetic energy 
(radar), and passive sensing, in which the energy 
emitted by the earth is recorded (radiometry). 
Remote sensing systems deployed in the Earth 
observation satellite system are designed to 
work on a large scale or global mapping. Two 
projects were launched to collect data on soil 
moisture using satellite monitoring systems: (1) 
NASA Mission "Active Passive Soil Moisture" 
(SMAP) [10], [11] and "Soil Moisture and 
Ocean Salinity" (SMOS) of  the European 
Space Agency (ESA) [12], [13]. However, the 
measurement accuracy provided by satellite 
monitoring systems is not suitable for precision 
farming. The best resolution of  SMAP is 3 km 
in radar mode [11], while the spatial resolution 
of  the SMOS system is approximately 40 km 
[13]. Such spatial resolution is sufficient to 
solve global problems of  meteorology, but it is 
completely insufficient for the use of  data in a 
precision farming system. Promising methods 
developed in recent years include various 
ground-based radiometric and radar systems, as 
well as sensing methods using electromagnetic 
induction. Such systems for measuring soil 
moisture are considered the best sensors for 
unmanned mobile applications of  precision 

farming. The most promising method is the 
technology of  microwave radiometry. This 
is a passive method of  microwave sensing 
using a highly sensitive radiometric receiver 
– a microwave radiometer that determines 
the parameters of  natural thermal radiation 
emitted by the earth's surface. The received 
data of  the microwave radiometer represent 
the radio brightness temperature of  the 
earth's surface [14]. Further processing of  the 
data converts them into a soil moisture value 
linked to a specific geographical location. The 
microwave radiometer technology makes it 
possible to develop a device for monitoring 
soil moisture with minimal size, weight and 
cost. Simultaneous use of  several frequency 
reception bands permits to obtain data for 
calculating soil moisture at different depths, 
that is, to determine the portrait of  the soil 
moisture profile. 

The development of  a new portable 
multi-frequency dual–polarization microwave 
radiometer for precision farming systems 
capable of  operating on board an unmanned 
aerial vehicle is an urgent task. Microwave 
radiometric moisture meters are used not 
only for precision farming tasks, but also for 
solving a number of  practical tasks [15], such 
as monitoring the hydrological situation along 
highways [16] and pipelines [17], as well as for 
searching for places of  underground leaks of  
earthen dams and places of  erosion of  dams 
[18], detecting foci of  forest fires [19] and the 
detection of  oil films on the water surface [20]. 
When developing a microwave radiometer, an 
important aspect is to optimize the selection of  
parameters of  the microwave radiometer and 
the remote sensing system as a whole, ensuring 
maximum sensitivity of  the sensing system to 
variations in soil humidity and temperature. 
The fastest and cheapest way to optimize 
the selection of  parameters of  a microwave 
radiometric system is modeling. 
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The purpose of  this article is to demonstrate 
the results of  modeling the process of  
radiometric reception of  own radiothermal 
radiation of  the Earth's surface, taking into 
account the antenna pattern, the model of  
the underlying surface and the model of  the 
sounding system, taking into account the 
altitude and flight speed of  the carrier, as well 
as the angle of  inclination of  the axis of  the 
main lobe of  the antenna pattern.

A model is known for receiving the human 
body's own radiothermal radiation [21], [22] by 
a multi-channel, multi-frequency microwave 
radiothermograph used for non-invasive 
detection of  thermal anomalies inside the 
human or animal body [23]-[27]. The known 
model cannot be used to calculate the radio 
brightness temperatures of  the underlying 
surface, since it does not take into account the 
radiation pattern of  the antenna applicator, 
but can be taken as a basis for modeling the 
earth's surface.

2. OPERATION PRINCIPLE
The principle of  remote measurement of  soil 
moisture is known [15] and is used in practice 
together with an unmanned aerial vehicle to 
build maps of  soil moisture and temperature 
in the interests of  precision farming systems. 
The placement of  the microwave radiometer 
on an unmanned aerial vehicle (quadcopter) 
is shown in Fig. 1 of  the L-band microwave 

radiometer represents the assembly of  a 
bipolarized antenna with a receiver. The size 
of  the microwave radiometer is determined by 
the size of  the antenna, which is determined 
by the operating wavelength and the required 
width of  the main lobe of  the antenna pattern. 
The printed type antenna is assembled from 
two printed circuit boards with a size of  
360x360 mm. There are four vibrators on the 
outer board, microstrip adders and output 
connectors for signals of  "horizontal" and 
"vertical" polarization are located on the 
inner board. The picture of  the antenna with 
an infrared temperature sensor is shown in 
Fig. 2. The main technical parameters of  
the microwave radiometer are presented in 
Table 1.

The microwave radiometer is assembled 
according to the well-known [15] scheme of  
a two-references modulation radiometer, has 
two internal temperature reference source 
with different temperatures and a microwave 
switch for periodic connection to the receiver 
input the signals from the antenna outputs 
and reference sources. The output signal of  
the receiver is converted into digital form 
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Fig. 1. The microwave radiometer on a quadrocopter 
installation. Fig. 2. The antenna with an IR sensor picture.
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and transmitted to the microcontroller, which 
stores data on a flash card together with 
information from the infrared sensor located 
in the antenna box and navigation sensors – 
the receiver of  the satellite navigation system, 
as well as from the three-axis accelerometer. 
The block diagram of  a microwave radiometer 
with sensors is shown in Fig. 3. The microwave 
radiometer is placed on an unmanned aerial 
vehicle so that the axis of  the main lobe of  
the antenna pattern would be directed forward 
along the course of  the aircraft at an angle 

of  30 degrees to the vertical. The scheme of  
sensing the Earth's surface from a quadcopter 
is shown in Fig. 4. The quadcopter, according 
to a given control program, automatically flies 
at a given altitude along parallel lines above 
the test field, with data recorded on a memory 
card. After landing, the data card is transferred 
the personal computer and the data are 
processed. As a result of  data processing, two 
geo–referenced maps are created - a map of  
soil moisture content and a map of  soil surface 
temperatures.

The data from an infrared temperature 
sensor and navigation data are used to make 
a temperature map. The humidity map 
is calculated in two stages, first the radio 
brightness temperatures are calculated by 
horizontal and vertical polarizations, then 
on their basis and taking into account 
the temperature of  the soil surface, the 
complex dielectric permittivity of  the 
soil is calculated, which can be converted 
into soil moisture and the degree of  soil 
mineralization. It should be noted that 
the accuracy of  the brightness-humidity 
recalculation of  the known algorithms 
depends on many factors, in particular, on 
the type of  vegetation cover, the amount of  
biomass, plant height, etc. The recalculation 
algorithms are known [15] and are not 
the subject of  this article. In this article, 
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Table 1
The main technical parameters of the microwave 

radiometer

Parameter Value

Central frequency, MHz 1420

Receiver band, MHz 50

The receiving channels Number
Vertical and horizontal polarizations

2

Observation method Along fligh

Observation width, resolving element, H-flight 
altitude

1.0хН

Sensitivity, К 1.0

Memory type SD-Card

Recording time, not less,  Hours 3

Antenna pattern main lob width, deg. ±30

Antenna scattering walue, % 73

Supply voltage, V 12

Power consumption, Wt 5.8

Mass, kg 2.8

Size, mm 360x360x40

Fig. 3. The microwave radiometer with sensors block 
diagram.

Fig. 4. The Earth's surface sensing from a quadrocopter 
scheme.
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the simplest two-layer soil model will be 
considered without taking into account the 
shielding effect of  vegetation cover.

3. ANTENNA PATTERN MODEL
The antenna is the most important element 
of  the radiometric system that determines 
overall dimensions, spatial resolution, noise 
protection and other parameters. The antenna 
pattern is the most important characteristic 
of  the antenna. The radiation pattern of  
the real antenna (Fig. 2) of  the radiometric 
system was measured on a special collimator 
and is known. However, for modeling, it 
is convenient to use a simulated radiation 
pattern so that it would be possible to 
track the influence of  antenna radiation 
pattern parameters on the parameters of  the 
radiometric system as a whole. The simplest 
idealized antenna with a square aperture of  
size D cm and with an average wavelength λ 
cm. was chosen as the model. The amplitude-
phase distribution of  the field in the antenna 
opening is considered uniform. The radiation 
pattern of  the power of  such an antenna is 
described by the function:

2 2

sin( ) sin( )
( , ) ,n

D D

D D D

π α π β
λ λα β

π α π β
λ λ

   
   

= ×   
   
   

 (1)

where α and β are angular coordinates in 
radians, calculated from the normal to 
the antenna plane or the axis of  the main 
lobe of  the radiation pattern. The graph 
of  the function of  the radiation pattern in 
the Cartesian coordinate system for the 
wavelength λ = 21 cm and D = 2λ at one 
of  the angles is shown in Fig. 5. When 
modeling the antenna, only radiation from 
the front hemisphere was taken into account. 
The radiation from the rear hemisphere was 
considered to be zero. With these antenna 
parameters, the width of  the main lobe of  

the radiation pattern at the level of  –3 db. 
is ±s, where s = 0.22 radians. An important 
parameter of  the antenna is the scattering 
coefficient γ, which is defined as:

( ,0)
1 .

( ,0)

s

s

Dn d

Dn d
π

π

α α
γ

α α

+

−
+

−

= −
∫

∫
 (2)

The physical meaning of  it is that it shows 
what proportion of  the signal energy is 
received along the side lobes, in relation to 
the total energy along the entire directional 
pattern. For the considered case, the antenna 
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Fig. 5. Antenna radiation pattern on one of  the 
coordinates.

Fig. 6. Antenna radiation pattern on 3D graph.
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scattering coefficient is approximately 27%. 
From the graph in Fig. 5, it can be seen 
that in the anterior hemisphere along the α 
coordinate, in addition to the main lobe, there 
are two side lobes to the right and left of  the 
main one. The level of  the first side lobe is 
about –13 db. The level of  the second side 
lobe is about –18 db. The appearance of  the 
radiation pattern in the form of  a 3D graph is 
shown in Fig. 6.

4. THE EARTH'S LITHOSPHERE 
SURFACE LAYER MODEL
In physical and geological terms, the soil as 
an object of  modeling is a complex material 
formed from solid-phase individual particles, 
as well as voids filled with aqueous solutions 
of  salts or gaseous bubbles. Due to this, they 
occupy a place between the solid and the 
fluids. Modeling the soil's own electromagnetic 
radiation is an extremely difficult task, due 
to the wide variety of  soil types, biochemical 
composition, vegetation cover, relief, surface 
roughness and hydrology. In general, the 
problem has not been solved so far. Therefore, 
simplified models are used in practice [28], 
taking into account only a part of  the listed 
soil parameters.

In the proposed model, the soil is considered 
as a homogeneous two-layer medium with 
flat surfaces of  sections without vegetation 
cover and roughness. The thickness of  the 
near-surface layer G, the complex dielectric 
permittivity of  the near-surface layer 1 1,iε ε′ ′′+ , 
where are used as soil parameters. 1ε ′  is the real 
part, and 1ε ′′  is the imaginary part. Similarly, 
the permittivity of  the deep layer 2 2 ,iε ε′ ′′+  is 
given, where 2ε ′  is the real part, and 2ε ′′  is the 
imaginary part (see Fig. 4).

The spatial distribution of  the dielectric 
permittivity of  the soil over the surface is 
impractical to consider uniform, since in this 
case, as a result of  modeling, it would not be 

possible to determine the distortions of  the 
initial field due to the influence of  the side 
lobes of  the antenna pattern, and they, more 
precisely, the possibility of  their correction, is 
of  particular interest. As shown in [29], such a 
correction is possible if  the antenna scattering 
coefficient does not exceed 50%.

As a model of  the surface field, a periodic 
sequence of  squares with a side of  P meters 
of  two types, arranged like the fields of  a 
chessboard, is chosen. Such a structure is not a 
model of  real soil, but is a convenient tool for 
studying the characteristic properties of  the 
model.

The squares of  the conventionally 
"white" type have dielectric permittivity 
of  the soil model by layers, as described 
above 1 1 1w iε ε ε′ ′′= +  and 2 2 2.w iε ε ε′ ′′= +  And 
conditionally, the "black" squares have 
additives to the dielectric permittivity of  
the layers so that the complex dielectric 
permittivity of  the near-surface layer 

( )1 1 1 1 1 ,B iε ε ε′ ′ ′′ ′′= + ∆ + + ∆  respectively, the 
complex dielectric permittivity of  the deep 
layer ( )2 2 2 2 2 .B iε ε ε′ ′ ′′ ′′= + ∆ + + ∆

It is convenient to set a mathematically 
described two-dimensional function describing 
the terrain of  the "chessboard" type using a 

RADIOELECTRONICS THE OWN RADIOTHERMAL RADIATION OF THE 
EARTH'S SURFACE RECEIVING PROCESS MODELING

Fig. 7. The  "Chessboard" function sample.
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function in a rectangular Cartesian coordinate 
system:

( ) ( )( ) ( )( ), cos cos 1 ,W x y P x P yπ π= Θ +Θ −  (3)
where P is a parameter specifying the size of  
the "chessboard" cell, and Θ is a Heaviside 
function equal to zero for negative argument 
values and one for all others. The appearance 
of  the function W(x,y) for P = 2 is shown in 
Fig. 7.

Using the function W(x,y), it is easy to 
describe the distribution of  the dielectric 
constant of  the field in x,y coordinates over 
the layers:

( ) ( ) ( )' " ' "
1 1 1 1 1, , ,W x y i i W x yε ε ε= + + ∆ + ∆ ⋅  (4)

( ) ( ) ( )' " ' "
2 2 2 2 2, , .W x y i i W x yε ε ε= + + ∆ + ∆ ⋅  (5)

The functions Wε1(x,y) and Wε2(x,y) are 
used to simulate the soil's own radiation and 
simulate the relic radiation of  the celestial 
sphere reflected from the earth.

5. THE SURFACE RADIO THERMAL 
EMISSION RECEPTION MODEL
When making field experiments, a microwave 
radiometer is installed on an unmanned 
aerial vehicle (Fig. 1), which, according to the 
program, flies over a given trajectory at a given 
height H and at a given speed V. The sensing 
scheme is shown in Fig. 4. The viewing angle 
Q0 is calculated from the vertical and is usually 
selected about 30 degrees. As a result of  
probing the surface, the microwave radiometer 
measures two antenna temperatures in 
horizontal and vertical polarizations at each 
spatial position.

As a result of  the simulation, two antenna 
temperatures should also be calculated by 
horizontal and vertical polarizations as a 
function of  the parameters of  the antenna 
pattern models, the parameters of  the Earth 
surface model and the parameters of  the 
surface survey system model.
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0 0 1 2 1 2 0 0( , , , , , , , , , , , , ),AV V ST f x y D G Q H T Tλ ε ε= ∆ ∆  (6)

0 0 1 2 1 2 0 0( , , , , , , , , , , , , ),AH H ST f x y D G Q H T Tλ ε ε= ∆ ∆  (7)

where x0, y0 and H are the Cartesian coordinates 
of  a quadrocopter with a microwave radiometer, 
T0 is the thermodynamic temperature of  the 
soil surface, Ts is the temperature of  the relic 
radiation of  2.33 degrees on the Kelvin scale. 
It is assumed that the flight speed and the axis 
of  sight are directed along the X axis. Modeling 
consists in finding analytical expressions or 
algorithms for calculating the functions fV 
and fH and calculating antenna temperatures 
from vertical and horizontal polarizations. 
The antenna temperature for any polarization 
is calculated using the antenna smoothing 
equation [29]:

( )
( ) ( )

0 0

0 0

,

, , ,
A

b n

T

T D d d

α β

α β α α β β β α

=

= − −∫∫
 (8)

were α0, β0 – coordinates of  the point of  sight 
in the polar coordinate system associated 
with the antenna. In formula (8), both the 
radiation pattern and the distribution of  the 
brightness temperature field over the earth's 
surface are set in the polar coordinate system 
associated with the antenna. The brightness 
temperature map is constructed in a system 
of  Cartesian coordinates (or geographical 
latitude-longitude) associated with the 
terrain (or north-east directions). To create 
a single model that takes into account both 
the antenna pattern model and the model of  
the Earth's surface and the sounding model, 
it is necessary to reduce all models to one 
common coordinate system, for example, 
to a Cartesian coordinate system associated 
with the earth.

The conversion of  polar coordinates to 
Cartesian coordinates can be done using the 
formulas:

( ) ( )0 ,xx Q arctg Hα = −  (9)
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( ) ( )0cos
, .

y Q
x y arctg

H
β

⋅ 
=  

 
 (10)

Substituting (9) and (10) into (1) we obtain 
the expression of  the radiation pattern in 
Cartesian coordinates

( ) ( ) ( )( ), , , .n nD XY x y D x x yα β=  (11)

The function DnXY(x,y) represents 
the weighting factor for the plot with the 
coordinates x,y of  the terrain area of  the size 
dxdy. The view of  the function DnXY(x,y) 
for viewing from a height of  10 meters from 
a point with coordinates (0, 0, 10 m) at an 
angle of  30 degrees to the vertical is shown 
in Fig. 8.

From the formula (6) and (7) can be 
obtained from (8) taking into account (11)

( ) ( ) ( )0 0 0 0, , , ,av bv nT x y T x y D XY x x y y dydx= ⋅ − −∫∫  (12)

( ) ( ) ( )0 0 0 0, , , .ah bh nT x y T x y D XY x x y y dydx= ⋅ − −∫∫  (13)

To complete the construction of  the 
model, it remains to express the distribution 
functions of  brightness temperatures over 
the vertical and horizontal polarizations 
TBV(x,y) and TBH(x,y) through the distribution 
functions of  the dielectric permittivity of  
the field in x,y coordinates over the layers 
from formulas (4) and (5). The soil model 

described above is considered in detail 
in [30], where it is called a single-layer 
homogeneous model. The model takes into 
account the reflection from the surface layer 
of  the earth:

( ) ( )
( )( )( )

1

0 1

, ( , , )

1 , , ,
bv S v

v

T x y T R W x y H

T R W x y H
ε

ε

= ⋅ +

+ ⋅ −
 (14)

( ) ( )
( )( )( )

1

0 1

, ( , , )

1 , , ,
bh S h

h

T x y T R W x y H

T R W x y H
ε

ε

= ⋅ +

+ ⋅ −
 (15)

were RV and RH – Fresnel reflection 
coefficients for vertical and horizontal 
polarizations, Q is the angle relative to 
the vertical under which the surface point 
with coordinates (x, y, 0) is visible from 
the antenna location point (point with 
coordinates (0, 0, H)):

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

2
2

1 1

2
1 1

( , )

, cos , sin
,

, cos , sin

vR x y

W x y Q W x y Q

W x y Q W x y Q
ε ε

ε ε

=

⋅ − −
=

⋅ + −

 (16)
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2
2

1

2
1

cos , sin
( , ) .

cos , sin
h

Q W x y Q
R x y

Q W x y Q
ε

ε

− −
=

+ −
 (17)

The angle of  sight Q of  a point with 
coordinates (x, y, 0) depends on the coordinates 
x,y and the height of  the antenna location H 
can be calculated by the formula (18)

2 2

.
x y

Q arctg
H

 +
 =
 
 

 (18)

The cosine and the square of  the sine of  
the angle Q can also be represented in terms of  
the coordinates x,y and height H:

( )
2 2 2

cos ,HQ
H x y

=
+ +

 (19)

( ) ( )
2 2

2
2 2 2

sin .x yQ
H x y

+
=

+ +
 (20)
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Fig. 8. Weight function DnXY(x,y) Sample.
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The partially incident electromagnetic 
wave of  the relic radiation is refracted, 
passes through the near-surface layer, 
is partially absorbed, is reflected from 
the interface of  the near-surface and 
deep layer, is partially absorbed again, is 
partially reflected from the soil surface and 
is partially radiated into the open space 
again. The attenuation coefficient of  the 
electromagnetic wave in the near-surface 
layer, according to [30]:

( ) ( )
"
1, exp 4 ,

cos r

GG
Q

δ λ πε
λ

 
= −  

 
 (21)

were Q – incidence angle, G – layer thickness.
The reflection coefficients from the 

section of  the near-surface and deep 
layer are given in [31] and in the accepted 
designations can be represented as:

( ) ( ) ( )
( ) ( ) ( )

2
2

2 1

2 1
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where

 ( ) ( ) ( )2
2 1( , , ) , , sin .r rF x y Q W x y W x y Qε ε= − ⋅

The refraction angle Qr is related to the angle 
of  incidence Q by the Snellius law expressed 
by the well-known formula (24):

( )
( )

( )
( )

1

2

,sin
.

sin ,
r W x yQ

Q W x y
ε

ε

=  (24)

The formulas given completely define 
the functions (6) and (7) and are sufficient to 
construct a model for receiving radiothermal 
radiation from the soil surface.

The calculations results of  using the above 
model are representing below.

6. SIMULATION RESULTS
The presented model can be used to 
calculate antenna temperatures at the output 
of  the radiometer by vertical and horizontal 
polarizations depending on the parameters 
of  the antenna, sensing and soil. As a result 
of  calculations of  integral expressions in 
formulas (12) and (13), two-dimensional 
graphs of  weight functions were obtained, 
shown in Fig. 9. The functions are calculated 
for a uniform temperature field of  300° K, 
when viewed from a height of  H = 10 m. 
from the origin at an angle of  30° in the 
direction of  the X axis.

The cross sections of  the surfaces 
represented by the plane Y = 0, in the range 
from 0 to 10 meters, are shown in Fig. 10. 
Analysis of  the graphs presented in Fig. 10 
shows that the coordinates of  the maxima 
of  the weight functions in vertical and 
horizontal polarizations do not coincide, 
but differ by about half  a meter and do not 
coincide with the coordinate of  the point 
of  sight. The analysis showed that the 
differences arose due to differences in the 
properties of  the Fresnel coefficients for 
vertical and horizontal polarizations.

The presented model allows simulating 
the flight of  a carrier with a radiometer and 
calculating antenna temperatures by vertical 
and horizontal polarizations. An example of  

IGOR A. SIDOROV, EVGENY P. NOVICHIKHIN, ALEXANDER G. GUDKOV, SERGEY V. 
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Fig. 9. Weight functions Tv(x,y)·DnXY(x,y) and 
Th(x,y)·DnXY(x,y).
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calculating antenna temperatures when the 
carrier moves along the X axis is shown in 
Fig. 11. The dotted line on the graph shows 
the boundaries of  the "chessboard" cell.

The characteristic advance of  the 
temperature graphs in comparison with 
the cell boundary is associated with the 
inclination of  the axis of  the radiation 
pattern in the direction of  the flight line.

A small oscillatory process on the antenna 
temperature charts is due to the presence of  
side lobes of  the antenna.

7. DISCUSSION
The presented model was calculated using 
a specialized mathematical program and a 
program written in the Delphy language. 
The coincidence of  the calculation results 
confirms the adequacy of  the constructed 
model. To calculate the graph (Fig. 11) with 
a mathematical program on a laptop with 
a quad-core processor, it took more than 
one hour. The same result was obtained 
in the Delphi program in less than one 
second.

The resulting model is planned to be 
developed, improved and used to develop a 
modern algorithm for correcting amplitude 
distortions caused by the presence of  
side lobes of  the antenna instead of  the 
known one [29], as well as to optimize 
the parameters of  the radiometer and the 
survey system according to the criterion of  
maximum sensitivity to variations in soil 
moisture by layers.

8. CONCLUSION
As a result of  the research and modeling 
within the framework of  the represented 
model, the following new results were 
obtained:
• a model of  the brightness temperature 

formation of  the underlying surface is 
obtained, regarding the parameters of  the 
antenna, radiometer, Earth's surface and 
the sensing system;

• the antenna temperatures on vertical and 
horizontal polarizations were calculated 
using the model, when simulating the flight 
of  the carrier;

• the mismatch of  the coordinates of  the 
maxima of  weight functions for vertical 
and horizontal polarizations as a result of  
the analysis of  graphs, was found;

• the graphs for calculating antenna 
temperatures at the front and the decline of  

RADIOELECTRONICS THE OWN RADIOTHERMAL RADIATION OF THE 
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Fig. 11. Graph of  calculated temperatures when the 
carrier moves along the X axis.

Fig. 10. The cross section of  the functions 
Tv(x,y)·DnXY(x,y) and Th(x,y)·DnXY(x,y) by 

plane Y = 0.
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the spatial pulse show a transition process 
due to the presence of  side lobes of  the 
antenna pattern;
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