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Abstract. 
Some tasks require identification of landmarks in districts beyond the reach of existing optical observation 

facilities. The accuracy of their determination significantly affects the effectiveness of the use necessary 

equipment during the task. 

In the paper an algorithm to determine the object parameters using a flying platform is offered. An observation 

point is installed which is equipped with a navigation system to solve this task. This ensures its orientation and 

positioning.  

From the observation point an aerial observation point is displayed. It is suggested to use a flying platform. The 

coordinates of the flying platform are determined relative to the observation point, the coordinates of the 

landmarks are determined relative to the flying platform. The mathematical model of the estimation error 

determination of object coordinates with the help of a flying platform is proposed. 

The analysis of errors in determining the parameters of the object using a flying platform is conducted. Analysis 

of the results of mathematical modeling is conducted using the package of applications Mathcad. The 

dependence of these parameters on the relative position of the observation point, platforms and object is 

examined.  

It is shown that the main contribution to the error of determining the coordinates of the landmark is given by the 

errors of determining the observation point location and measuring the range. An analytical correlation is 

obtained, which allows to estimate the errors of determining the coordinates of the landmark using the flying 

platform with known errors in determining the observation point coordinates and the range determination of the 

range finder. 
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Introduction 

Actuality of theme. The accuracy of determining the landmark parameters significantly affects the 

effectiveness of the use necessary equipment during the task. 

Some tasks require identification of landmarks in districts beyond the reach of existing optical 

observation facilities. For example, if, under the terrain conditions, it is impossible to determine the 

parameters of the landmark, which is not observed from the observation point. 

Analysis of research and publications. An analysis of modern research and publications shows that in 

most works (Korolov et.al., 2011; Korolov et.al., 2009; Korolov et.al., 2009) tasks on a plane are 

solved. Approaches are considered for the estimation of the influence of distances to the reference and 

directional angle, which can be used only within the direct vision. 

Formulation of the problem. Since there is a need to act outside that is available to existing optical 

observation means, the application of the flying platform is one option for solving this problem. 

In this case, there is the task of determining the object parameters with the help of additional 

equipment, which should be located at the observation point and on the flying platform, as well as the 

evaluation of the accuracy of their determination. 

Unresolved part of the common problem. To date, there is no definition: 

- list of the object parameters, which are to be found, using the flying platform; 

- algorithm of their definition. 

No estimation errors have been made in determining the object parameters defined by flying platform. 

Setting objectives. Analyze the errors that occur when determining the object coordinates using the 

flying platform. 

 

Methodology of research and materials 

The article investigates the effect of errors in measuring angles and distances on the estimation in 

determining the landmark coordinates. Coordinate variance is considered as an estimate of the 

26



 

 

determination error (as a function of many random arguments) using well-known relations in 

probability theory. 

Dependencies of coordinates determination errors on measurement errors (which are assumed to be 

measured normally) are investigated using the Mathcad software package. 

 

Discussions and results 

Often the definition of the object location is executed from the top geodesically unprepared points. To 

solve this, an observation point is installed which is equipped with a navigation system. This ensures 

its orientation and determination of coordinates. From the observation point, an aerial observation 

point is displayed, in which it is proposed to use a flying platform. The coordinates of the flying 

platform are determined relative to the observation point, the object coordinates are determined 

relative to the flying platform (Fig. 1). 

 

 
 

Fig. 1. Calculation of the landmark coordinates using the flying platform 
 

The following symbols are used in the figure 1:  

K is the observation point;  

H – the flying platform;  

C – the object;  

kx , ky  – the coordinates of the observation point;  

hx , hy  – the coordinates of the flying platform;  

cx , cy  – the coordinates of the object;  

KHD  – the distance between observation point and flying platform;  

HCD  – the distance between the flying platform and the object;  

KСD  – the distance between the observation point and the object;  

  – the directional angle of reference;  

  – the angle between the horizon and the direction from the observation point to the flying platform;  

  – the angle between the vertical line of the map grid and the horizontal distance projection from the 

flying platform to the observation point;  

  – the angle between the vertical passing through the flying platform and the direction from the 

flying platform to the object;  

  – the angle between the vertical line of the map grid and the distance projection from the flying 

platform to the object on the plane of the horizon. 

 

As an alternative, consider determining of the object coordinates using the flying platform. The object 

coordinates cx , cy , we obtain from the correlation: 
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 cossincoscos HCKHkc DDxx ++= , 

 sinsinsincos HCKHkc DDyy ++= . 
(1) 

 

Values cx , cy  are functions of many variables, which in their composition contain errors of a random 

nature. Thus, these functions can be considered as functions of many random variables. Then, for the 

errors of their definition, it is advisable to take their dispersion. It is known that the variance of the 

function ( )Xf  of random arguments can be calculated by the expression (Ventcel, 1969): 
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where: f  – the function of random arguments; 

N – number of variables (in our case, 8); 

 ni xxX ,...,  – vector of independent variables (in our case kx , ky , KHD , HCD   ,  ,  ,  ); 

2

ix  – variance of the i-th independent variable. 

 

Applying (2) to (1) and taking into account that measurements of linear and angular variables on the 

observation point and platform are determined with the same accuracy, respectively 
222
DDD HCКH

= , 
22222

  === , and the radial error is 
222

KKK yxr  += , then for the 

estimation of the radial error of the orientation of the coordinates we obtain the following expression: 

 

( ) ( )HCKHDrr DD
KC

22222222 sincos ++++=  . (3) 

 

We will investigate the behavior of the 1st, 2nd and 3rd additions on the right side of the equation 

number 3. 

The horizontal range to the flying platform ( HK  ) denote for 'A', and the horizontal distance from the 

flying platform to the object ( CH  ) denote for 'B'. We will consider the most typical variants of 

location the observation point, flying platform and the object. 
    

А – 3000 м А – 5000 м А – 10000 м 

Fig. 2. Dependence of component values 
2

Cr
  from height of the flying platform and range HCD  

 

Mathematical modeling was conducted using the package of applications Mathcad. Analysis of the 

results of mathematical modeling presented in Fig. 2. It shows that the term, ( ) 222 sincos +D  (it 

is shown in the picture in blue color) – varies from 0 ÷ 190. The component of the right-hand side 

expression number (3) equation ( )HCKH DD 222 +  (it is shown in brown) is an order less than 
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( ) 222 sincos +D . We can conclude – the error of the observation point location 
2

Kr
  (it is shown 

in yellow) is the main element of the total error 
2

Cr
  (it is shown in red). The constituent 

( ) 222 sincos +D  is less important, the value of the third term is one order less than the first, and 

therefore it can be neglected. Then the analytic dependence number (3) takes on the following form: 

 

( ) 22222 sincos ++= Drr KC
. (4) 

 

This correlation allows us to estimate the accuracy of determining the object coordinates using the 

flying platform, if known 
2

Kr
  and 

2

D . 

Take the typical navigation system, the error of which 
Kr

  is about 20 m, and according to the 

technical characteristics, the error of determining the range finder distance D  is about 10 m (Korolov 

et.al., 2000; Korolov et.al., 2003). Then, using the expression number 4, the object coordinates are 

determined with an accuracy of 25 m. 

Also, applying the correlation number 4 can be made requirements for the accuracy of the devices 

characteristics in view of the given accuracy of determining the object coordinates. 
 

Conclusions and proposals  

1. The mathematical model of the estimation error estimation of the object coordinates with using the 

flying platform is proposed. 

2. It is shown that the main contribution to the error of determining the object coordinates is given by 

errors in determining the observation point location and the measurement of range. 

3. An analytical correlation is obtained, which allows us to estimate the errors of determining the 

object coordinates using the flying platform with known errors in determining the observation point 

coordinates and determining the distance of the range finder. 

4. It is shown that for a typical navigation system with accuracy of 20 m and a range finder with an 

accuracy of 10 m, the object coordinates are determined with an accuracy of 25 m. 

In the future, it is planned to consider the necessary composition of the ground and airborne parts of 

the equipment and requirements for it. 
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