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Abstract—With the emergence of unmanned aerial 

vehicles, the assignments  of combating them have also 

become significantly more relevant. Today, operational 

countermeasures against UAVs are of great importance. 

Modern UAVs are capable not only of conducting video 

reconnaissance in a certain area, but also of observing a 

specific object for a long time and striking it. After 

detecting and identifying UAVs by RLS, it is necessary to 

take measures to neutralize them. In the paper, a 

mathematical model of the evaluation of the dead zone of 

RLS working together for the effective detection of 

unmanned aerial vehicles was established and a 

comparison of the dead zone was made on concrete 

examples. The purpose of the research work is to solve the 

problem of effective placement of joint working RLS  by 

mathematical methods for nonobserved remaining part of 

them had minimal volume and to select the necessary 

placement scheme.  

Keywords—unmanned aerial vehicles; dead zone; 

radiolocation area; effective reflection area; radiolocation 

station. 

I. INTRODUCTION 

Analysis of the 2020 Patriotic War and the ongoing 
Russian-Ukrainian war, as well as recent occuring local 
wars and conflicts, shows that the detection of UAVs is 
one of the main issues for combating them [1 – 4]. For a 
more effective fight against UAVs, it is important factor 
to quickly detect them both at long distances and in the 
dead zone [5 – 7]. 

Modern local conflicts, where high-precision 
weapons and military equipment are more involved, 
impose new requirements for conducting combat 
operations. UAVs, in turn, at the present stage of the 
development of science and technology are being 
developed more and more, creating many difficulties for 
air defense systems. These difficulties are related to the 
following factors: 

 small effective reflection area, i.e. small 
radiolocation visibility (effective reflection area 
0,01-0,001 m

2
), visual detection less than 100 m 

(in ideal weather conditions), the hearing of the 
sound is 15-50 m, (0,5 Wt/rad); 

 low flight speeds (10-30 m/sec), wide diapason 
of movement speeds, performance of flights at 
low and minimum altitudes using the terrain;  

 to have the little time for obtaining information 
about the type of object according to its spatial 
(geometric) characteristics and making a timely 
decision; 

 In the characteristics of the RLS, there are so-
called "dead zone" with a radius of tens of 
kilometers, where it is impossible to detect and 
track aerial objects [8 – 10]. 

A dead zone (DZ) is a section of space above a RLS 
that is outside the radar's observations and in which the 
RLS cannot detect air targets (Fig.1). The presence of a 
dead zone is determined by the appropriate selection of 
the orientation diagram in the verical plane of the radar 
station, which depends on the relief of the area in the 
area of influence of the station, the nature of the 
position, the height of the antenna and the technical 
parameters of the RLS. It is impossible to detect and 
track aerial targets in a dead zone [11]. 

The area of view of radiolocation stations is 
determined by the design of the RLS antenna and its 
operating characteristics (wavelength, transmission 
power, and other parameters). 

When creating a grouping of RLS for the detection 
of UAVs, the detection zones of radiolocation stations 
have the following important features that must be taken 
into account: 

1. The boundary of the sighting zones of the 
radiolocation stations indicates the diapason of 
target detection depending on the target's flight 
height.  The earth's surface significantly 
affects the formation of the direction diagram of 
radiolocation stations for meter and decimeter 
ranges. This means that the terrain will have a 
significant effect on the area of view of the 
radiolocation station. As a result, the detection 
ranges of the same type of air targets at the same 
altitude can be different in different directions. 
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2. Radiolocation stations are used to conduct 
reconnaissance of the air enemy in a circular 
search mode. The detection of air attack 
vehicles by RLS in the vertical plane is limited, 
which leads to the presence of so-called "dead 
zone" in the field of vision, where it is 
impossible for RLS to observe air targets. 

The following requirements must be met when 
creating a grouping of RLSs for the detection of UAVs: 

 in the most probable flight directions of the 
enemy's air attacks (in front of the front line) the 
far border of the detection zone should be set; 

 the continuous radiolocation area must cover the 
entire area at the possible altitudes of the 
enemy's air attack vehicles flight, and the 
probability of detecting targets at any point of 
the radiolocation area must be at least 0.75; 

 radiolocation field should have high durability; 

 the radiolocation area should be created with the 
maximum saving on the number of RLSs [12]. 

Currently, the state and trends of the development of 
UAV require the creation of a radar site at a height of 
several tens of meters (50-60 m). In this regard, a large 
number of RLS will be required to create a radiolocation 
area  with this height of low boundary. Calculations 
show that when the height of the lower boundary of the 
radiolocation area is reduced from 500 m to 300 m, the 
need for the number of RLSs increases by 2.2 times, and 
when it is reduced from 500 m to 100 m, it increases by 
7 times. 

As a rule, the height of the upper border of the 
radiolocation area is not determined, they are 
determined by the capabilities of the radiolocation 
stations [13]. 

II. PROBLEM STATEMENT 

The development of a general methodology for 
calculating the values of the intervals and distances 
between RLSs, which contain different types of 
radiolocation stations in the radiotechnical grouping, 
and the nature of the terrain does not significantly affect 
the radar area, constitutes the issue.  

Thus, depending on the location of radiolocation 
stations in the area, the dead zone (zone outside of 
observation) will be different. The purpose of the 
research is to investigate the issue of evaluating the dead 
zone (zone outside of observation) depending on the 
place of radiolocation stations in the area. 

III. MATHEMATICAL FORMULATION AND SOLUTION 

OF THE PROBLEM 

We will assume that radiolocation stations operate in 
a fairly limited area, so we can ignore the curvature of 
the Earth's surface when describing the location area. To 
give the place of the radar stations relative to each other 
in the area, let us introduce the       positively 
oriented rectangular coordinate system with related to 
the ground [14, p.73], traditionally, the     axis can be 
considered perpendicular to the Earth's surface, pointing 
vertically upwards.  

Let's assume that it is planned to place k number of 
radiolocation stations in the area. Let us denote the 
coordinates of the locations of the radiolocation stations 
relative to the      system through {(        )   
       } . According to the requirement of the 
problem, the distance between radiolocation stations is 
required to be at minimal   , in other words, the 
following inequalities must be satisfied relative the 
coordinates of the points: 

(     )
 
 (     )

 
 (     )

 
   

  
                 

As mentioned above, in general, the characteristic 
indicators of radiolocation stations may differ from each 
other. Let us denote the target sighting distance of the   -
th radiolocation station as   , and the characteristic 
angle of its unobserved sector as    (         ). 

In general, a dead zone (zone beyond observation) is 
a three-dimensional space figure, we will consider that 
the evaluation of these figures can be done based on 
their volume.  

It is clear that geometrically the dead zone (zone 
outside of observation) of the i-th radiolocation station 
taken separately can be described as a truncated cone, let 
us denote this cone as   . Then the height of the cone    

is calculated by the formula         
  

 
 . If take into 

account that the coordinates of the radar station are 
(        ),  the cuted cone    can be expressed as  

   {(     )        [
  

  

(    )]
 

  

         } 
 

its volume will calculated by the following formula   
[15, p.347]: 

    ∭       
 

(     )   

  
  

 

  
 ∫ (    )

    
     

  




However, it is clear that to estimate the dead zone 
(zone excluded from observation) of radiolocation 
stations operating together the formal sum of the 
quantities determined by the formulas (2) cannot be 
taken, this is due to the fact that they have intersecting 
parts.  

To solve the problem, it is necessary to reduce the 
volume of each radar station's dead zone (zone outside 
of observation) by the volume of the part that other radar 
stations can see this zone.  

Let's calculate this volume for the  -th radiolocation 
station. For other radiolocation  stations, the dead zone 
(zone outside of observation) is expressed as ⋃      . 

Then it can be written the following formula for the 
sought volume:  
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   ∭       
 

(     )    ⋃      

  

Considering that the sets    ⋃      ,   

        do not intersect, we can write the following 

formula for the evaluation of the dead zone (zone 

outside of observation) for all radiolocation stations:  

  ∑   

 

   

  (4) 

From a mathematical point of view, the problem of 
the minimum dead zone (zone outside of observation) of 
radiolocation stations operating together can be formed 
as follows: 

 It is required to find such coordinates (        ) 
for which the conditions (1) are satisfied and in 
this case the functional (4) takes a minimum 
value. 

Note that the functional (4) is defined in the non-
convex set    ⋃       and it is very difficult to give a 

general solution to such minimization problem. 
Therefore, the value of this type of functional is 
calculated by numerical methods. 

On the other hand, the location of radiolocation 
stations cannot be arbitrary according to the existing 
infrastructure. Taking into account what has been said , 
it is suggested to find a rational solution to the problem. 
Thus, the best of the possible options proposed for the 
location of the stations can be considered as rational 
solution. In order to find a rational solution, a discrete 
version of the model (1) – (4) is written and functionals 
(4) are calculated for the proposed location options and 
compared with each other. 

IV. EXAMPLES ON LOCATION OPTION EVALUATION 

Example 1: Suppose that four RLSs of the same 
type are  placed at the vertices of the square 
geometrically (Fig.1). Considering that the minimum 
distance (side of the square) between the radar stations 
is         , the dead gap angle of each RLS is 
       and the detection distance of RLS is      
       , we can find the volume    of the dead zone of 
each RLS considered separately and the volume    of 
the dead zone which is caused by the joint location of 
these stations. 

According to the data of the problem    

     
    

 
         and if we apply the formula (2), 

we obtain 

    (
  

  
)

 

∫     
  

 

               

                         
Then 

  ∑  

 

   

              

Thus, when comparing, it can be seen that   is about 
1.6 times less than    . 

 
Figure 1.  Schematic representation of the  placement of RLSs at the 

vertices of a square geometrically 

Example 2: Suppose that 3 radiolocation stations of 
the same type are placed at the vertices of an equilateral 
triangle (Fig.2).  

                      

Figure 2.  Schematic representation of the  placement of RLSs at the 

vertices of a triangle geometrically 

Taking into account that the minimum distance 
between radiolocation stations (side of the triangle) is 
          ,  the angle of the dead zone of each RLS 

is       , the detection distance of the RLS is 
            , it is possible to evaluate the separate 
dead zone of each RLS     and the total sector  . 

Based on the data,        
    

 
        . Then 

    (
  

  
)

 

∫     
  

 

               

                        

and 

                     

Thus, comparing     and   it can be seen that the 
total dead zone of RLSs are reduced by about 1.3 times.   

From the comparison of the obtained numbers, it can 
be concluded that the creation of a radiolocation area by 
placing RLSs on the vertices of equilateral triangles (in 

l0 

l0 
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the form of a checkerboard) is more economically 
profitable, as it requires fewer stations. 

Although advantageous in terms of cost savings,  
fig.-2 grouping  does not satisfy other critical 
requirements. For example, the failure of any of the 
RLSs leads to the formation of large gaps in the 
radiolocation field. Losses of air targets during tracking 
will be observed even with the correct operation of all 
RLSs, since the "dead zone" in the sighting zones of 
RLSs are not closed. 

If we also take into account the distortion of the 
visual zones of RLSs as a result of the influence of the 
nature of the relief around the positions, we can 
generally conclude that the grouping in Fig. 2 can be 
used only in exceptional cases- with an acute shortage of 
funds and in secondary areas, but their use at the 
forefront is not effective.  

REFERENCES 

[1] E.G. Hashimov, and R.R. Maharramov, “Methods of effective 
detection of unmanned aerial vehicles,” Проблеми 
інформатизації: тези доповiдей 9-ї мiжнародноi науково-
технiчноi конференцii. Том 1. Черкаси – Харків-Баку – 
Бельсько-Бяла (18-19 листопада, 2021), 2021, С. 118–119. 

[2] E.G. Hashimov, and R.R. Maharramov, “Methods of effective 
influencing UAVs,” Сучаснi напрями розвитку 
iнформацийно-комунiкацiйних технологiй та засобiв 
управлiння. Матерiали 10-ї мiжнародноi науково-технiчноi 
конференцii (9-10 квітня, 2020). Том 1. Баку-Харкiв-Жилiна, 
2020. С. 27. 

[3] E.G. Hashimov, and B.S. Huseynov, “Some aspects of the 
combat capabilities and application of modern UAVs,” vol. 
3(7), 2021, pp. 14–24. 

[4] A. A. Bayramov, and E. G. Hashimov, “The numerical 
estimation method of a task success of UAV reconnaissance 
flight in mountainous battle condition,” Сучасні інформаційні 
системи, vol. 1,2, 2017, С. 70–73.  

[5] Y.M. Genç, and E. Erciyes, “Unmanned Aerial Vehicles (UAV) 
Threats and Security Management,” Türkiye Unmanned Aerial 
Vehicles Magazine, vol. 2(2), 2020, pp. 36–42. 

[6] E.G. Hashimov, R.R. Maharramov, A. Muradov, and 
S V. Katekhliyev, “Methods of detection of UAVs operating in a 
dead zone through RLS,” Patriotic war: 44-day victory 
chronicle, Materials of the republican scientific-practical 
conference dedicated to the 2nd anniversary of the victory in the 
44-day Patriotic War. Baku (November 2-3, 2022), 2022, 
pp. 176–178. 

[7] F.A. Aliev, and R.R. Maharramov, “The detection of small 
unmanned aerial vehicles (UAV) by the radar stations,” 
Proceedings of the 8-th International Conference on control and 
optimization with industrial applications (Baku, August 24-26, 
2022), Baku, vol. 2, pp. 63–65. 

[8] E.G. Hashimov, and E.K. Khudeynatov, “Evaluation of the 
application efficiency of UAV systems in modern wars,” Baku: 
Military knowledge, vol. 1, 2022, pp. 11–17. 

[9] S.J.Jr Freedberg, Dumb and cheap: When facing electronic 
warfare in Ukraine, small drones’ quantity is quality. [Online]. 
Available: https://breakingdefense.com/2023/06/dumb-and-
cheap-when-facing-electronic-warfare-in-ukraine-small-drones-
quantity-is-quality/. [Accessed: Octember 16, 2023]. 

[10] “Unmanned Aerial Vehicles Roadmap 2000-2025.” [Online]. 
Available: https://apps.dtic.mil/sti/citations/ADA391358. 
[Accessed: Octember 16, 2023]. 

[11] “What is the dead zone of RLS detection and how to determine 
it?” [Online]. Available: https://studfile.net/preview/8961005/ 
page:11/. [Accessed: Octember 16, 2023]. 

[12] M. Brzozowski, M. Pakowski, M. Nowakowski, M. Myszka, 
M. Michalczewski, “Radiolocation devices for detection and 
tracking small high-speed ballistic objects - features, 
applications, and methods of tests,” Sensors, vol. 19(24), 2019, 
5362. https: //doi. org/ 10. 3390/s19245362  

[13] S. Rosłoniec, “Radiolocation and Its Basic Principles,” 
Fundamentals of the Radiolocation and Radionavigation. 
Springer Aerospace Technology, Cham: Springer Nature, 2023. 
https://doi.org/10.1007/978-3-031-10631-6_1.  

[14] A.A. Tomusyak, V.S. Trokhimenko, N.M. Shunda, “Geometry. 
Part 1: Analytical geometry,” Vinnitsa, 2002. 

[15] V.A. Dombrovsky, I.M. Krizhanivskiy, R.S. Mats'kiv, 
F.M. Migovich, V.M. Nemish et al, “Vishcha Mathematics: 
Podruchnik,” Ternopil: Vidavnitstvo Karp’yuk, 2003. 

 

 


