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SUMMARY 

 
 

Along with the calculation of the quantity according to the formulas expressed through the measured 

elements, an important place is the estimation of the accuracy of its calculation. After all, it is by it 

that we can judge the degree of reliability of the found value. There are different approaches to 

assessing the approximation of the calculated value to its true value. For example, in a number of 

technical disciplines, in particular in physics, it is preferred to estimate the accuracy by using the 

relative error, which shows the percentage contribution of the error to the true value of the sought 

quantity. A slightly different approach to accuracy assessment is considered in geodetic disciplines, 

which is based on the mathematical concept of the differential of the function. 
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Introduction 

 

Along with the calculation of the quantity according to the formulas expressed through the measured 
elements, an important place is the estimation of the accuracy of its calculation. After all, it is by it that we 
can judge the degree of reliability of the found value (Laptev et al., 2019; Vivat et al., 2022). 
 

Method 

 

There are different approaches to assessing the approximation of the calculated value to its true value. For 
example, in a number of technical disciplines, in particular in physics, it is preferred to estimate the 
accuracy by using the relative error (Dorozhovets et al., 2005; Beshr & Zarzoura, 2022), which shows the 
percentage contribution of the error to the true value of the sought quantity. A slightly different approach to 
accuracy assessment is considered in geodetic disciplines (Goryainov, 2018; Fys et al., 2022; Hofmann-
Wellenhof, 2006; Sossa et al., 2023), which is based on the mathematical concept of the differential of the 
function  

 
It is known that the differential of a function of many variables is defined as follows 
 

  (1) 

 
It can be interpreted as the error of approximation of the function to its true value, i.e.: 
 

 

                                       (2) 

 
The transition to the root mean square error gives the following (Bolshakov & Gaidaev, 1989) 
 

    (3) 

 

where  is the correlation coefficient of variables . 

 
In most cases, formula (3) is used in the following form: 
 

       (4) 

 

that is, it is assumed that the variables  are not correlated ( ). This condition is almost 

always ensured by the observer when performing measurements. But there are cases when the values 

 are dependent on each other, and therefore the second term is present in formula (3). Of particular 

interest is the case of complete dependence of the variables, i.e. . Then, formula (3) will 

take the form: 
 

   (5) 

 
or 

     (6) 

 



 

 

International Conference of Young Professionals “GeoTerrace-2024” 

7-9 October 2024, Lviv, Ukraine 

As an example of the use of formula (6), we give the definition of the distance between two points, if the 

device is installed outside the observation points on the continuation of the segment , where  are 

the distances from the th point to points  and  respectively. Thus, we have: 

 

                                                                  (7) 

 

 
Figure 1. Distance between two points 

 

                                                     (8) 

 
The distance measurement error is determined by the recession formula, which for most devices is as 
follows: 
 

                                                      (9) 

 
where  is the distance in meters. 

 
After substituting (9) into (8), we get: 
 

                                           (10) 

 

 – distance in meters. 

 
The case when the values are determined from an equation or a system of equations and are subsequently 
used to calculate the final parameters deserves special attention (Fys et al., 2022). Since the determining 
variables are related by an equation or a system of equations, there must be a correlation between them, 
which must be taken into account (Kremer, 2004). But the definition of correlational dependencies is 
associated with certain difficulties in our case. 
 
So, let us have a system of equations: 
 

.                                      (11) 

 
Solving the system of equations (11) relative to the unknowns  gives their values as 

functions of the arguments 
 

                                                              (12) 

 
The estimation of the accuracy of their calculation should be found using formula (2) in the case of non-

correlation of  or (3) if the correlation coefficients differ from zero. The partial derivatives 

 are found using the method described in (Fys et al., 2023). 
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                                       (13) 

 

 where         (14) 

 

                                                                (15) 

 

The correlation coefficients  of the variables  are determined by their series of 

observations and as a rule are equal to zero. Therefore, calculation errors are determined by formula (2), 
although formula (3) is used in some cases. 
 

Let the calculated values of  be used to find another quantity: 

 

                                                 (16) 

 

Their correlation relations  cannot be neglected, since they are connected by the system of 

equations (11). Therefore, formula (3) must be applied to assess the accuracy of its calculation. But this 

raises the question of determining the correlation between the variables . Since there is no analytical 

way of determining the correlation coefficient for implicitly presented functions, it has to be found 

numerically. To do this, we first find the series of values  (of course, if such exist) by solving the system 

of equations (14), and then we calculate the correlation coefficients  from them. Then the error 

of finding the parameter  is determined as follows: 

 

        (17) 

 

It is obvious that the value of the error (14) will differ from its traditional definition without taking into 

account correlations, the deviations can be both in one and the other direction. 

 

Here is an example of the given technique application. In (Hlotov et al., 2024), research was carried out for 

possible connections between the corner elements of the EZO on the model and correlation coefficients 

were calculated for them.  
 

Table 1 Correlation coefficients 

 slope at the angle α  slope at the angle ω 

α from ω 0.5 0.1 

α from κ 1 0.4 

ω from κ 0.4 0.8 

 

Using the values given in the table 1 (Hlotov et al., 2024), let's take one of the stereo pairs and calculate the 

coordinates on the ground for one of the reference points of the model and list it in the table 2. 
 

Table 2 Coordinates on the ground and on pictures (photogrammetric) of control point No. 12 

No. 
Coordinates in the area Left shot Right shot 

X Y Z     
12 455 405 400 9,88 6,71 2,07 6,72 
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Conclusions 

 

Table 3 results indicate the need to take into account correlations when calculating an estimate of accuracy. 

After all, the numerical value is closer to the deviation of the obtained difference of the measured and 

calculated value of the z-coordinate of point No. 12. Therefore, when assessing accuracy, it is necessary to 

first examine the degree of dependence of the values included in the determination of values. Although this 

leads to additional calculations, it gives a more accurate idea of the definition errors. 

 
Table 3 Coordinates on the ground and on pictures (photogrammetric) of control point No. 12 

 
-coordinate 

(measured) 

-coordinate 

(calculated) 
Difference 

An estimation of accuracy 
according to the formula (6) 

An estimation of accuracy 
according to the formula 

(17) 

12 400 400.013 0.013 0.203 0.153 
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