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ABSTRACT 

Some aspects of coordinate data comparison by radio-technical systems are considered. The features of the initial data 

preparation are described and the main calculated ratios are provided. Possible implementation of comparison of 

coordinate data by spatially separated radio-technical systems to improve the quality of location, navigation, remote 

sensing, television and communications is shown. 
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1. INTRODUCTION 

It is known that sustainable development of 

territories involves limiting the negative impact of 

economic and other human activities on the 

environment, as well as ensuring protection and rational 

use of natural resources in the interests of current and 

future generations [1]. However, increase in the number 

of objects [2] caused by human activity in near-Earth 

airspace (NEAS) requires an increase in the number of 

various ground-based observation systems [3, 4]. At 

present, the largest contribution to the scope of 

coordinate data obtained from NEAS falls on radar 

observation systems (ROS) [5]. At the same time, 

functioning of the ROS, regardless of its purpose and 

the tasks being solved, indirectly affects the 

environment and requires a significant amount of 

electricity [6], thereby going against the concept of 

sustainable development of territories. 

 In addition, the accuracy of determining the 

coordinates by radar methods is influenced by a number 

of factors, considering of which, when processing the 

measurement results, makes it possible to achieve the 

specified measurement accuracy. Experience of 

operating various radio-technical systems has shown 

that sporadic ionization of near-Earth space has the most 

significant effect on reducing the measurement accuracy 

[7, 8]. This is explained by the application in the ROS of 

approaches based on long-term prediction of the 

parameters of the radio wave propagation medium, 

which do not allow compensating with a high resolution 

the measurement errors caused by sporadic ionization of 

the NEAS. At the same time, one of the possible 

solutions to this problem is the creation of a network of 

stations for study of the ionosphere – radio-technical 

systems that actively influence the ionosphere to 

determine its parameters to take them into account in 

systems of location, navigation, television and 

communication [9].  

At the same time, the results provided in [10, 11] 

show that the coordinate data obtained from the ROS 

can be used in the interests of estimating the parameters 

of the radio wave propagation medium. For this, it is 

offered to use a priori coordinate data for those space 

objects (SO) that are in the ROS coverage regions and 

whose coordinate data can be measured. By performing 

the comparison operation, the measurement error 

introduced by the radio wave propagation medium is 

calculated, which can then be used in the interests of 

some radio-technical systems to be considered within 

their operation. At the same time, implementation of 

this approach in practice shall consider some aspects, 

which are briefly discussed below. 

2. INITIAL DATA PREPARATION 

The total electron content (TEC) is known to be a 

function of the electron concentration of the ionosphere, 

and its value undergoes significant spatio-temporal 

fluctuations depending on the heliogeophysical 

conditions [12]. When comparing coordinate data, it is 

assumed that the TEC is calculated along the path of 
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propagation of the probing and reflected signals. In this 

case, the position of the trajectory is determined by 

elevation and azimuth of the SO, from which the 

reflected signal was received. Therefore, for operation 

of comparison, it is necessary to obtain data on the 

position of certain SO. 

The best solution is the advance receipt of 

coordinate data on the ROS, allowing to plan the work 

on obtaining measurements of the SO position. For this, 

the data from the catalogs of the SO or the results of the 

SO observation by other observation systems can be 

used [5, 13]. 

A possible solution to this issue is to store an array 

of data on the radius of the SO orbit, its geodetic 

latitude and longitude for discrete points in time. In this 

case, it is offered to use the following expression for 

preliminary determination of the SO position: 
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Where: 

i   – central angle between the ROS and SO, 

ER   – Earth radius, 

iR   – orbital radius of the SO, 

i   – geodetic latitude of the SO, 

   – geodetic latitude of the ROS, 

i   – geodetic longitude of the SO, 

   – geodetic longitude of the ROS. 

The next issue is the TEC value calculation. At the 

same time, it is offered to use assumption that the 

integral nature of the TEC does not allow tying the TEC 

disturbances to the specific range of heights. In [7, 14], 

it is noted that the largest contribution to the TEC 

variations falls on the region located near the main 

maximum of the ionosphere (corresponding to the 

height h max). Therefore, it is offered to use assumption 

that all TEC variations calculated along the path of 

propagation of the probing and reflected signals can be 

related to the height h max. It is assumed that the 

ionosphere can be considered as a thin layer at a given 

height, and the propagation trajectory of the probing and 

reflected ROS signals crosses this layer at the 

ionospheric point P (Fig. 1). Geographic latitude and 

longitude of the ionospheric point for the i-th SO of O i 

can be calculated by the expression:  
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In this case, preparation of the initial data shall 

provide for a preliminary assessment of the capabilities 

of the ROS to ensure a sufficient time resource for 

servicing the data of the SO. In case of its shortage, it is 

necessary to rank SO to form such a sample that will 

remove the uncertainty of the distribution environment 

in the largest volume of space with the smallest of the 

possible number of the SO [15]. 

After preparation of the initial data, they are 

transmitted for use in radio-technical systems for 

location, navigation, television and communication for 

evaluating the parameters of the NEAS and reducing the 

degree of their negative impact. The issues of using 

TEC estimates in the interests of various radio-technical 

systems are considered in detail in [14]. 

 

Figure 1 Ionospheric point position calculation 

Below we consider one of the options for using the 

results of the comparison in space-separated radio-

technical systems.  

3. COMPARISON OF COORDINATE 

DATA WITH SPATIALLY SEPARATED 

RADIO-TECHNICAL SYSTEMS 

Let's consider a problematic situation using the 

example of Fig. 2. The ROS located at point R1 

conducts reconnaissance of the NEAS in a given 

viewing region. Within the angular dimensions of the 

ROS coverage region there is navigation satellite N 2, 

according to changes in the signal parameters of which, 

the measurement errors in a given angular direction are 

compensated for [14]. In the vicinity of R1 there are 

radio technical systems S1, S2 and S3, the quality of 

which depends on the size of the TEC – these can be 
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navigation, location, remote sensing, television and 

communication systems.  

According to the ROS of SO O1 and O2 located in 

the viewing region, there is a priori coordinate 

information which makes it possible to determine the 

TEC value for points P O1 and P O2, respectively. 

Movement of the considered SO (as well as others, if 

any) through the ROS viewing region makes it possible 

to form an array of data describing the parameters of the 

ionospheric points at the height h max . This allows, with 

some spatial and temporal discreteness, to form a region 

of ionospheric points (RIP), which can be used in the 

interests of systems S1, S2 and S3 in the event that the 

trajectories of the signals of these systems will intersect 

the RIP. At the same time, S3 system is in the most 

favorable perspective conditions, since the projection of 

ionospheric points onto the Earth's surface, which 

makes it possible to form a region of podionospheric 

points (RPP), in the case of a comparison operation, 

allows the system to provide information on the TEC 

values over the entire area. 

Determination of the TEC value at the required point 

can be carried out by interpolation methods (Fig. 3) 

using expression 2. 

 

Figure 2 Comparison of coordinate data with spatially 

separated radio-technical systems 

Preliminary calculations have shown [15] that the 

comparison operation can give an increase of up to 12-

18 % to the volume of TEC estimates, including in 

critical regions of lack of data that do not cross the radio 

lines "navigation satellite – signal receiver" [16]. In this 

case, it is only necessary to refine the ROS software 

using the example of the algorithmic implementation of 

coordinate data comparison considered in [17], as well 

as to create information exchange channels with nearby 

radio-technical systems for the prompt provision of the 

comparison results. 
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Figure 3 Calculation of TEC values at the interpolation 

point 

In addition, a promising direction in considering the 

influence of the propagation medium is use of new 

approaches to processing of radar information [18] to 

identify systematics in measurement errors to take it 

into account when processing measurement results from 

the corresponding regions of space. 

4. CONCLUSIONS 

Within the framework of the article, some aspects of 

the coordinate data comparison by radio-technical 

systems are considered. The features of preparation of 

the initial data and the structure of spatially separated 

radio-technical systems are described, which allow to 

determine the TEC in a given angular direction from the 

error in measuring the SO position which was 

introduced by the propagation medium. It is shown that 

the calculated TEC values can be used in the interests of 

location, navigation, remote sensing, television and 

communications systems to take into account the 

negative impact of the propagation environment during 

their operation. This, in turn, makes it possible to reduce 

the need for creation of new ROS by increasing the 

detection accuracy of existing ones, as well as to 

increase the levels of safety and favorable conditions for 

human life within implementation of urban planning 

activities by improving the quality of functioning of 

radio-technical systems for location, navigation, 

television and communications. 
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