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ABSTRACT 
 
The subject of study in the paper is to increase the 
accuracy of determining the coordinates of objects 
through the use of information ADS-B. Improving 
accuracy is achieved, inter alia, by adjusting the radar 
station. The aim is to develop a method of adjusting the 
radar station using the technology of automatic 
dependent monitoring ADS-B. Tasks: analysis of known 
methods of radar alignment, analysis of factors 
influencing the accuracy of determining the coordinates 
of air objects, brief analysis of the capabilities of ADS-B 
technology, development of a method of radar alignment 
using ADS-B technology. The methods used are: radar 
methods, methods for determining the coordinates of air 
objects, methods of mathematical analysis and 
differential calculus, methods of probability theory and 
mathematical statistics. The following results were 
obtained. The main disadvantages of the known methods 
of alignment of the radar are identified. Factors 
influencing the accuracy of determining the coordinates 
of air objects have been identified. The possibility of 
using the technology of automatic dependent observation 
to increase the accuracy of determining the coordinates 
of air objects has been established. A method of adjusting 
the radar using ADS-B technology has been developed. 
The main advantages of the proposed method of 
alignment are determined. The scientific novelty of the 
results is as follows. Improving the accuracy of 
alignment of the radar is achieved through the using of 
ADS-B technology. The advantages of using the 

 
 

proposed method of adjusting the radar are 
simplification of the alignment process, determination of 
corrections without removing the radar station from 
normal operation, the possibility of using as control 
objects air objects equipped with ADS-B transponders 
and located in the detection zone of the radar station. 
 
Key words: the method, accuracy, object coordinate, 
radar, ADS-B, GPS, transponder. 
 
1. INTRODUCTION 
 
The requirements for the accuracy of measuring the 
coordinates of air objects in the radar of the air traffic 
control system are becoming more stringent every year 
[1]–[5]. This is due to an increase in air traffic density. 
The requirements for the accuracy of measuring the 
height have especially increased due to the decrease in 
the width of the echelons to two or three hundred meters, 
and accordingly to the accuracy of measuring the 
elevation angle [5]. 
 
For surveillance radars, both en-route and aerodrome, 
the required measurement accuracy of the elevation 
coordinate increases to units of arc minutes at ranges of 
300–400 km [5]–[18]. Practically similar accuracy can 
be provided only by single-pulse measurement methods 
[5]. 
 
The possibilities of the existing radar (for example, 
Figure 1, Figure 2, Figure 3) means for the 
implementation of radar control and the issuance of 
radar information with increased requirements for the 
accuracy of determining the coordinates of the software 
are somewhat limited. 
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This is due to a number of reasons: radars are exposed to 
wind loads, weather, icing, temperature and humidity, 
there is mechanical wear of parts of antenna-rotary 
devices of locators, which leads to loss of accuracy of 
coordinate measurement [5]–[8], [16]. 
 
It is known [5], [17]–[19] that the accuracy of 
determining the coordinates of the software is influenced 
by several factors: 
– tactical and technical characteristics of the radar 
(width of the radiation pattern, signal-to-noise ratio, 
etc.); 
– weather conditions; 
– terrain; 
– instrumental errors of the radar (inaccuracy of the 
antenna orientation, operator errors in the visual 
removal of the azimuth of the targets; 
– high-quality carrying out of regular and timely 
adjustment of radar. 

Figure 1. Radar "Skala-2M" (Ukraine) 
 

Figure 2. Radar "Irtysh" (Russia) 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Radar 1L118 "Lira-1" (Ukraine) 

 
In order to increase the accuracy of determining the 
coordinates of the software, consider the method of 
adjusting the radar. 
 
2. PROBLEM ANALYSIS 
 
At present, several methods of radar alignment are 
known [5], [19]–[20]. The first, by using reflected 
signals from objects whose positions (coordinates) are 
precisely defined. 
 
Secondly, through the use of local objects, the position of 
which is determined by optical or geodetic means. 
However, this requires the presence of separately located 
objects that reflect the sounding signal or specially 
installed on the towers of reflectors or radiators, which 
requires high costs. 
 
Third, the radio emission of the sun or other celestial 
bodies, which requires considerable time for its 
implementation and certain weather conditions. 
 
Fourth, you can use aerial objects with precisely 
measured coordinates. The disadvantage of this method 
is the impossibility of proper alignment in cases where 
the coordinates of the radar being adjusted are 
determined with errors. 
 
In modern conditions, the key role in the implementation 
of air traffic control is played by technologies based on 
global navigation satellite systems and the latest 
electronic surveillance systems [5]. 
 
It is now possible to obtain coordinates using the system 
of automatic dependent observation (ADS-B), by which 
the coordinates of the software are determined by the 
transponder ADS-B located on board the software, the 
signal with the coordinates of the software is emitted into 
space and received by appropriate receivers. The 
accuracy of determining the coordinates of the software 
using the system of independent cooperative surveillance 
(ADS-B) is 3-5 times higher than that of conventional 
radars [20]–[25]. 
 
Therefore, the coordinates obtained from the ADS-B 
system can be considered as reference coordinates, with 
which you can align the radar. 
 
The purpose of the paper is to develop a method of 
adjusting the radar using the technology of automatic 
dependent monitoring. 
 
3. MAIN MATERIAL 
 
The alignment of radar with the help of flying objects 
consists in determining and evaluating the differences ∆ 
between the parameters of the experimental trajectory of 
the flying object, obtained by the adjusted means, and the 
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corresponding parameters of the reference trajectory of 
the same flying object (1). 
 
 ∆=Lref - LRadar, 
 
where Lref the reference trajectory of the flying object; 
LRadar is the parameters of the experimental trajectory of 
the flying objects. 
 
After definition and evaluation differences, they are as 
adjustment corrections must be entered into the 
functional software of the radar for the current correction 
of measurements. 
Automatic dependent surveillance (ADS-B) is a 
cooperative surveillance technology in which an air 
object determines its location via a satellite navigation 
system and distributes it by an onboard transponder 
(Figure 4) [20]–[25]. 
 
This information can be received by ground stations of 
air traffic control units, as well as other aircraft, which 
allows crews to be more situationally aware. 
 
ADS-B - "automatic" - because it operates without the 
intervention of the crew. "Dependent" - because it 
depends on the data of the aircraft's navigation systems. 
 
In fact, ADS-B is an element of the "S" mode of the 
secondary surveillance radar system for air traffic control 
RBS (Radar Beacon System) [20]–[25]. 
 

ADS-B technology, which consists of two different 
services, "ADS-B Out" and "ADS-B In", can be used as 
an additional source of air traffic monitoring [20]–[25]. 
 
"ADS-B Out" through the on-board transmitter 
disseminates information about the exact location, 
altitude and speed of the air object, as well as other data 
from on-board software systems. 
 
"ADS-B In" receives information from the channels 
FIS-B (flight information service) and TIS-B 
(Information about other traffic), as well as other ADS-B 
data, such as direct communication from an air object 
that is nearby. 
 
A large amount of data is transmitted in ADS-B. These 
are, in particular, the values of altitude, speed and course, 
the values of vertical speed, the mode code "A" of the 
RBS system (so-called SQUAWK), the ICAO address 
(transmitted in each message), the call sign (Callsign). 
To solve the problem of alignment radars are of interest 
to the coordinates of the air object in the coordinate 
system WGS-84 (transmitted 2 times per second). These 
data are emitted with different discreteness from 0.5 
seconds to 10 seconds [20]–[25]. 
Parameters of the self-generated signal ADS-B 
[20]–[25]: 
– the standard signal length of the mode S, which is 
transmitted for detection, is 56 bits; 

 
 

 
Figure 4. ADS-B system architecture for surveillance in the interests of air traffic services 
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Figure 5. ADS-B signal packet structure 

– signal 1090 MHz ES includes an additional 56-bit data 
block with information ADS-B; 
– the length of each ES message is 120 μs (8 μs preamble, 112 
μs data); 
– signal transmission frequency 1090 MHz; 
– signal transmission speed of 1 Mbit / s; 
– data on the location of the air object is transmitted 2 times 
per second, the identification index - every 5 seconds. 
 
Figure 5 shows a typical example of a Mode-S package 
consisting of two separate parts: a preamble followed by a 
data block. 
 
 
 
 
 
 
 
 
 
 
The preamble is used to "wake up" the request receiver and 
the decoder and consists of 4 pulses, each lasting 0.5 μs. The 
data block consists of 56 or 112 bits of general information 56 
or 112 μs. 
 
It should be noted that not all, even modern air objects are 
equipped with ADS-B transponders. Most Soviet-made 
aircraft do not have such equipment. But now almost all air 
objects have the ability to work in "S" mode of the secondary 
location system RBS. 
 
In the secondary location mode, air objects respond to the 
request signals of route air traffic control locators. The 
response is performed at the same frequency as the ADS-B, 
namely 1090 MHz. Accordingly, the ADS-B receiver is able 
to receive signals of responses of air objects to the requests of 
route locators. And since air objects almost always fly in the 
field of route locators, there are almost always response 
signals [20]–[25]. 
 
The layout of the adjustable radars and air objects from which 
the information comes is presented in Figure 2. 
 
Consider the essence of the method of adjusting the radar 
using the technology of automatic dependent monitoring. 
The algorithm that implements the method of adjusting the 
radar using the technology of automatic dependent 
monitoring is as follows. At the first stage the orientation on 
the terrain of the adjusted radar is carried out. 
 
In the second stage, the radar is adjusted by one of the known 
methods. One of the most common methods of adjusting the 
radar is adjusting with the help of an auxiliary radar. The 
essence of the method is that in the process of alignment 
determine the differences Δx, Δy between the rectangular 

coordinates of the air object, measured by two radars. The 
obtained values of discrepancies are used to determine the 
errors of alignment (correction) of the radar being adjusted. 
When adjusting a particular radar, the second radar is 
auxiliary and must be adjusted in advance. 
 

 
Figure 6. The layout of the adjustable radar and the air object 

from which the information comes 
 
The methods assume the absence of errors of the auxiliary 
radar in azimuth and range to the air object. If the alignment 
of the auxiliary radar contains errors, the alignment of the 
radar that is being adjusted will also contain additional errors, 
which is a significant drawback. 
With the help of satellite navigators determine the 
rectangular coordinates of the radar station (x0, y0). 
 
In the third stage, the adjustable radar measures the 
rectangular coordinates of the air object. Airspace survey is 
performed, for example, by circular rotation of the antenna 
and known methods of detection and determination of 
coordinates, which are embedded in the algorithm of a 
particular radar. 
 
In the fourth stage, the coordinates of the current location of 
the air object are determined using the ADS-B receiver(xADS-B, 
yADS-B). . 
 
Cheap and small radios are used to receive ADS-B data from 
the air object. 
 
The coordinates of the software are determined by onboard 
GPS navigators and emitted into space. The terrestrial 
receivers of the ADS-B system receive the corresponding 
messages at a frequency of 1090 MHz, which contain a large 
amount of data and, in particular, information about the 
current coordinates of the software, which are then used to 
align the radar. 
 
In the fifth stage, the received rectangular coordinates are 
interpolated to a single point in time, mathematically 
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averaging the obtained rectangular coordinates of the 
software by expressions (2), (3): 
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In the next step, the adjustments for the adjusted radar are 
calculated using expressions (4), (5). 
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In the seventh stage, the calculated adjustments are compared 
with the resolution of the radar that is being adjusted, and if 
the adjustments are greater than the resolution of the radar 
that is being adjusted, the settings of this radar are changed. 
Measurements and calculations are repeated until the 
magnitude of the corrections is less than the resolution of the 
adjustable radars. 
 
4. CONCLUSION 
 
The main advantages of the proposed method of radar 
alignment are simplification of the alignment process, 
determination of corrections without removing the radar from 
normal operation, the possibility of using as control objects 
air objects flying in the detection zone of the radar and 
equipped with ADS-B transponders. 
 
In addition, the adjustment can be performed automatically, 
correcting errors arising from wind loads and temperature 
fluctuations. 
 
The use of the method can significantly reduce the time for its 
implementation, which is especially important in conditions 
of limited time. 
 
advantages of the proposed method for synchronizing the 
ADS-B receiver system when maintaining radar control of air 
environment using MLAT technology is the ability to use as 
control objects random AO flying in the area of responsibility 
of the radar units and equipped with ADS-B transponders. In 
addition, synchronization can be performed automatically. 
The adjustment can be conducted at certain intervals. Using 
this method can significantly increase the accuracy of 
synchronization, which will provide a more accurate 
determination of the coordinates of an AO, even if the AO is 
not appointed with the appropriate ADS-B equipment. 
As a result, the following achievements were obtained. The 
factors affecting the accuracy of determining the coordinates 

of AO are determined. The possibility of using the automatic 
dependent surveillance – broadcast technology and 
multilateration technology to improve the accuracy of 
determining the coordinates of AO is established. It was 
estimated that for the qualitative determination of the AO 
coordinates, it is necessary to ensure the accuracy of receiver 
synchronization less than 1 µs. A method of synchronizing 
ADS-B receivers when maintaining radar control of air 
environment using MLAT technology has been developed, 
which ensures the necessary synchronization accuracy. An 
algorithm that implements the synchronization method of the 
ADS-B receiver system using multilateration technology is 
proposed.  
The scheme of diagnostics in the automated system of 
technical diagnostics for a case of complex use of 
energy-static, energy-dynamic and electromagnetic methods 
is resulted. The order of complex use of energy-static, 
energy-dynamic and electromagnetic methods of diagnosis is 
given. 
 
The direction of further research is the practical application of 
the developed method for synchronizing the ADS-B receiver 
system using multilateration technology. 
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