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Abstract 
The article deals with the problems of application of microwave 
methods in systems of geoecological monitoring of natural 
environments and resources of the agro-industrial complex. It is 
noted that the methods of microwave radiometry make it 
possible, by the power of the measured intrinsic radio-thermal 
radiation of the atmosphere, when solving inverse problems 
using empirical and semi-empirical models, to determine such 
parameters of the atmosphere as thermodynamic temperature, 
humidity, water content, moisture content, precipitation 
intensity, and the presence of different fractions of clouds.In 
addition to assessing the meteorological parameters of the 
atmosphere and the geophysical parameters of the underlying 
surface based on the data of microwave radiometric 
measurements, it is possible to promptly detect and study 
pollution of both the atmosphere and the earth's surface. A 
technique has been developed for the analysis of sources of 
measurement error and their numerical evaluation, because they 
have a significant effect on the accuracy of solving inverse 
problems of reconstructing the values of the physical 
parameters of the probed media.To analyze the degree of 
influence of the limited spatial selectivity of the antenna of the 
microwave radiometric system on the measurement error, we 
calculated the relative measurement error of the ratio of radio 
brightness contrasts in two angular directions. It has been 
determined that in the system of geoecological monitoring of 
natural environments, the effect of background noise is 
maximal with small changes in the radiobrightness temperature 
during angular scanning and high sensitivity of the receiving 
equipment. 
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1. Introduction 

At present, to solve the problems of rational use of 
natural resources in agro-industrial complex (AIC) when 
applying the concept and technologies of precision 
farming, systems of geoecological monitoring are used 
[1-5]. They make it possible to assess geoecological 
changes in natural resources on the territory of the agro-
industrial complex, as well as to carry out their 

technological control in order to form a predictive 
assessment of the possibility of negative scenarios and 
irreparable depletion of resources. 

Microwave radiometry is one of the applied 
methods of geoecological monitoring of natural 
environments, which makes it possible to remotely 
estimate the structure and physical parameters of the 
controlled environment using measurements of its own 
radio-thermal radiation. The use of radiometry in 
precision farming technologies solves a number of 
applied problems, the solution of which makes it possible 
to increase the efficiency of the use of natural resources 
in the agro-industrial complex. For example, to control 
irrigation and control the moisture saturation of soils, it is 
important to control the intensity of possible 
precipitation.At the same time, the methods of 
microwave radiometry allow, according to the power of 
the measured intrinsic radiothermal radiation of the 
atmosphere, when solving inverse problems using 
empirical and semi-empirical models, to determine such 
parameters of the atmosphere as thermodynamic 
temperature, humidity, water content, moisture content, 
precipitation intensity, the presence of different fractions 
of clouds [6]. In addition to assessing the meteorological 
parameters of the atmosphere and the geophysical 
parameters of the underlying surface based on the data of 
microwave radiometric measurements, it is possible to 
promptly detect and study pollution both of the 
atmosphere and the earth's surface [7]. 

From the point of view of organizing geoecological 
monitoring of AIC facilities, everything is built on the 
main three levels of vicinal, local and regional. Moreover, 
from the vicinal measuring complexes of the monitoring 
system, they transmit primary digital data to the vicinal 
server, where all information is processed, analyzed and 
transmitted to the local servers [8-10]. Local-level 
servers perform service functions for collecting and 
primary processing of measurement information coming 
from vicinal observation points.In addition, they are 
entrusted with the task of preliminary analysis of 
measurement information, assessment of its reliability 
and management of vicinal complexes of geoecological 
control [11]. Application of microwave radiometry 
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methods provides a unique opportunity to create an 
interlevel measurement interface by combining 

measurement information. 

In this case, the interaction of the servers of the local 
level with the servers of the regional level is based on the 
estimated data obtained from the measuring channels of 
microwave radiometry. Regional servers are 
administratively tied to the regional parts of the unified 
information and analytical subsystem of geoecological 
monitoring, but in terms of information content to the 
selected zones of manifestation of natural and man-made 
processes and their connection with the objects of the 
agro-industrial complex [12]. Information integration of 
regional servers is carried out, as a rule, through the 
protocol procedures for inter-network interaction at the 
regional level of the hierarchical structure of 
geoecological monitoring. 

The possibilities of remote sensing of natural 
environments are significantly expanded when scanning 
the studied area both in azimuth and in corner of the 
place. Such measurements make it possible to form a 
volumetric model of the geophysical parameters of the 
probed natural space. Measurements of this kind are used 
in profilers, the results of which are used to construct 
altitude profiles of temperature, humidity and water 
vapor content [13], in which, at the present stage of 
development, in addition to semi-empirical regression 
models, neural networks are widely included, providing 
additional opportunities for solving problems of 
parameter estimation.The presence in the investigated 
spatial area of dissimilar natural environments, for 
example, the atmosphere and the earth's surface, is not a 
significant factor limiting the possibilities of microwave 
radiometric studies. Under such conditions, a 
comprehensive assessment of physical parameters is 
carried out, taking into account the conditions for the 
formation of its own radiothermal radiation of each 
medium [14]. 

The possibilities of remote sensing of natural 
environments using microwave radiometric systems 
determine the prospects for their widespread 
implementation in the creation of an operational network 
for continuous microwave radiometric monitoring of the 
atmosphere and the earth's surface and the creation of 
modern mobile autonomous systems in solving problems 
of both increasing the measurement accuracy and 
developing methods for solving inverse problems of 
assessing physical parameters of the investigated media 
[15,16]. 

1.1. Model of the angular error of microwave 
sounding of natural media 

An important issue of organizing such microwave 
measurements is the analysis of sources of measurement 
error and their numerical evaluation, since they have a 

significant effect on the accuracy of solving inverse 
problems of reconstructing the values of the physical 
parameters of the probed media. Comprehensive analysis 
showed the presence of various sources of error in 
microwave radiometric measurements and differently 
affecting its value [17, 18]. According to the analysis, 
one of the factors that significantly affects the 
measurement results and strongly depends on the 
measurement conditions is the estimation error [19] or 
compensation [20] of the contribution to the input signal 
of the microwave radiometric system of background 
radiation received over the scattering region of the 
antenna pattern. 

When solving applied problems of remote sensing, 
various approaches are possible, depending on the 
problems being solved, so it is possible to use relative 
measurements of the radiobrightness temperature for 
several close angular directions. For example, to estimate 
the optical thickness of a horizontally homogeneous or 
locally inhomogeneous atmosphere, measurements are 
used in two directions, and when measuring the dielectric 
constant of a smooth surface, measurements are required 
in three angular directions [6, 13]. 

The models for determining the parameters include 
the relative measurements of the radiobrightness 
temperatures as an empirical quantity, i.e. 
radiobrightness contrasts of the studied areas with respect 
to a certain reference benchmark area, the 
radiobrightness temperature of which can be determined 
or modeled with high accuracy. Thus, the estimated 
value when making measurements using the angular 
section method is the ratio of radiobrightness contrasts 
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where аrefТ is the antenna temperature when receiving 

radio noise radiation from the reference area; brefТ is the 

averaged value of the radiobrightness temperature of the 
radio noise radiation of the space corresponding to the 
scattering region of the antenna pattern when directed to 
the reference region. 
The relative measurement error of the radiobrightness 
contrast ratio is the sum of the relative measurement 
errors of each contrast 
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(2) 
and if we neglect the difference in the values of the errors 
in the assessment of the radiobrightness contrast in two 
angular directions, then the relative error is 
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    rbrb ТТ   2 ,                                       (3) 

those in 2 times greater than the relative measurement 
error of the radiobrightness contrast.  
 
When performing numerical estimates of the error, it is 
necessary to take into account the fact that the difference 
in the background noise bbrefb ТТТ  depends on 

the measurement conditions and, accordingly, on the 
choice of the reference area. 
 
If the reference area is located in the same half-space 
with the controlled areas, for example, when determining 
the optical thickness of cumulus clouds, the reference 
area is an area of a cloudless sky, or in the case of 
sounding the earth's surface - areas covered with 
vegetation or water surfaces, then approaches to the 
estimation of the error in measurements of the 
radiobrightness temperature can be used when 
performing absolute and relative measurements given in 
[8-10], and for the case of measuring the ratio of 
radiobrightness contrasts and, accordingly, all 
conclusions on the effect of background noise on the 
measurement results in the relative method of 
radioheatlocating control are also valid for the method of 
angular sections, only the value of the relative error 

increases in 2 times. 
 
If the reference region is located in different half-spaces 
that significantly differ in radiative properties, for 
example, when studying a homogeneous atmosphere - 
cloudless or with stratus-like clouds, and the earth's 
surface with vegetation is chosen as the reference region, 
the radiobrightness temperature of which is close to the 
thermodynamic temperature, then the contribution of the 

difference in the background the noise bТ of the 

reference and the studied area into the value of the 
radiobrightness contrast in the first approximation can be 
estimated by the formula 
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where up , down  are the fractions of the total scattering 

coefficient of the antenna, characterizing the reception 

through the scattering region of the antenna pattern from 
the upper and lower half-spaces; downup   . 

 
When controlling the parameters of a sufficiently 
homogeneous medium filling the half-space, the 
difference in the background noise has approximately the 
same value as the radiobrightness contrast. Then the 
formulas for estimating the coefficients of the influence 
of errors in the composition of the total relative error in 
measuring the relative radiobrightness contrast have the 
form 
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To be able to assess the effect of the difference in 
background noise on the measurement error of the ratio 
of radiobrightness contrasts, data on the values of the 

scattering coefficients  , up , down  and  are 

needed. In figure 1 shows the graphical dependences , 

up , down  and   on the width of the main lobe of 

the antenna pattern with a circular radiating aperture, the 
field distribution over which is parabolic with a pedestal 
and the irradiation level of the aperture edge -10 dB from 
the level in the center of the aperture. 
 
According to the data in Fig. 1, the values of the 
scattering coefficients  are taken in the range from 

0.25 to 0.1 with the corresponding values  from 0.25 to 

0.33, and the coefficient of influence of the difference of 
the background noise in the directions to the study area 
and the reference area (Figure 2) has values in the range 

from 0.1 to 0.25, and under the condition rbb ТТ 

the value  




 1bТ
К is equal to the component of 

the relative error due to the influence of background 
noise. 
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Fig. 1. Dependence of the scattering coefficients   (1), up  (2), down  (3) and   (4) of an antenna with a circular radiating aperture on the width 

of the main lobe of the antenna pattern 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  2. Dependence of the influence factor  




 1bТ
К

of the difference in background noise on the magnitude of the dissipation factor of the antenna 

1.2. Estimation of the relative error based on the angular section model 

To analyze the degree of influence of the limited spatial selectivity of the antenna of the microwave radiometric system on 
the measurement error, we calculated the relative measurement error of the ratio of radiobrightness contrasts in two angular 
directions under the condition КТТ rbref 1000  , 85.0 . The results of calculating the error in measuring the 

radiobrightness temperature by the angular section method are shown in Figures 3 - 8. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Dependence of the relative measurement error of the ratio of radiobrightness contrasts on the value of the scattering coefficient  , 
provided that the absolute value of radiobrightness contrasts in two directions is equal to 10 K (1), 20 K (2), 50 K (3), 100 K (4) at the 

sensitivity of the radiometer is 1 K 
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Fig. 4. Dependence of the relative measurement error of the ratio of radiobrightness contrasts on the value of the scattering coefficient


, provided that 
the absolute value of radiobrightness contrasts in two directions is equal to 10 K (1), 20 K (2), 50 K (3) at a radiometer sensitivity of 0.5 K 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 5. Dependence of the relative measurement error of the ratio of radiobrightness contrasts on the value of the scattering coefficient 


at a radiometer 
sensitivity of 0.1 K 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 .  Dependence of the fraction of the error caused by the influence of background noise in the total value of the relative measurement error of the 

ratio of radiobrightness contrasts on the value of the scattering coefficient


, provided that the absolute value of the radiobrightness contrasts in two 
directions is 10 K at the sensitivity of the radiometer 1 K (1), 0.5 K (2), 0.1 K (3) 
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Fig. 7 .  Dependence of the fraction of the error caused by the influence of background noise in the total value of the relative measurement error of the 

ratio of radiobrightness contrasts on the value of the scattering coefficient


, provided that the absolute value of the radiobrightness contrasts in two 
directions is 50 K at the sensitivity of the radiometer 1 K (1), 0.5 K (2), 0.1 K (3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8.  Dependence of the fraction of the error caused by the influence of background noise in the total value of the relative measurement error of the ratio 

of radiobrightness contrasts on the value of the scattering coefficient


, provided that the absolute value of the radiobrightness contrasts in two directions 
is equal to 100 K at the sensitivity of the radiometer 1 K (1), 0.1 K (2) 

 
2. Conclusions 
 
An analysis of the obtained dependences of the relative 
errors in the measurement of the ratio of radiobrightness 
contrasts, which is implemented in the method of angular 
sections of radioheatlocating control of meteorological 
parameters, allows us to draw the following conclusions: 
- for antennas with a large scattering coefficient , the 

influence factor of the background noise, and, 
consequently, the share of the corresponding component 
in the total relative measurement error of the 
radiobrightness contrast ratio is smaller, which is 
explained by the smaller absolute value of the difference 

in the background noise for the direction of measurement 
and direction to the reference area; 

- a similar dependence   rbТ on the scattering 

coefficient  , but in this case the error is the smaller, the 

greater the difference in the radiobrightness temperatures 
in the angular directions and the higher the sensitivity of 
the radiometer; 
- for large values of the difference in radiobrightness 
temperatures in angular directions (> 100K), the absolute 
value does not affect the measurement error; 
- at a high sensitivity of the radiometer (<0.1K), the 
measurement error does not depend on the difference in 
radiobrightness temperatures in angular directions; 
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Thus, in the case of radioheatlocating control in the 
system of geoecological monitoring of natural 
environments, the effect of background noise is maximal 
at small changes in the radiobrightness temperature 
during angular scanning and high sensitivity of the 
receiving equipment. So, based on the data obtained, the 
limiting relative error in measuring the ratio of 
radiobrightness contrasts is determined, ultimately, 

mainly by the value  




 1bТ
К and is 15% at 

11.0 bТ
К and 25% at 2.0 bТ

К . 
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