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SUMMARY 

 
 

High-precision geometric leveling is used to monitor the deformations of engineering structure 

foundations. This article investigates the impact of changing the position of the rail feet on the 

accuracy of digital leveling and proposes a methodology for assessing this influence. The results 

indicate that when the accuracy of determining the change in rail position significantly exceeds the 

reading accuracy, the leveling accuracy remains nearly unaffected. However, if the accuracy of 

determining the change in rail position is equal to the reading accuracy, the leveling accuracy 

decreases by 15%. 

 

Keywords: digital leveling, foundation deformations, rail position change, leveling accuracy, geodetic 
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Introduction 

 

To monitor the deformations of the foundations of engineering structures ( Fis, M., 2021; Oleskyv, R., 

2023;  Voitenko, S., 2012; Tretiak, K., 2014; Sidorov, I.. 2015; Kalynchenko, Y., 2014;  DSTU B 

V.2.1-30:2014, 2015), high-precision geometric leveling is used. Based on the results of such 

measurements, an analysis of the deformation characteristics of engineering structures is conducted 

(Trevoho, I., 2023; Trevoho, I., 2021). When leveling using digital levels with one-sided coded rails, 

the issue of control and measurement accuracy at the station arises, an example of the structure is 

shown in figure 1 (Burak, K. O., 2014). To address this, it has been proposed to change the position of 

the rail feet or the level's horizon. In this context, the question of assessing the accuracy of such 

digital leveling arises. Increasing the controllability of measurements with an assessment of their 

accuracy is of great practical importance in the creation of height networks. 

 

 
Figure 1. Сompressor station  

 

To enhance the controllability of elevation determination at the station, it is proposed to perform digital 

leveling by changing the position of the rail feet. However, the impact of this shift on the accuracy of leveling 

is not considered. Unresolved issues include the lack of an assessment of the impact of determining the 

change in the position of the rail feet on the accuracy of digital leveling. The task is to evaluate the influence 

of determining the change in the position of the rail feet on the accuracy of digital leveling. 

 

Method and Theory 

 

Let’s consider the procedure for taking readings with a change in the position of the rail feet at the 

digital leveling station (Table 1) 

 

Table 1.  Observation Program with a Change in the Position of the Rail Feet 

Readings on the rod 

back front 

y1 (1) 

y4* (4) 

y2 (2) 

y3* (3) 

In Table 1,  
*y

t he readings are taken after the change in the position of the rail feet. The order of 

taking readings is indicated in parentheses. The magnitude of the shift in the position of the rail feet 

will be denoted as y5 , y6 for the back and front rails, respectively. 

Based on the provided methodology, we can write: 
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A problem arises regarding the adjustment of multiple measurements of a single value. In this case, 

the correction equations take the form: 
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LhAV +=  ,                                                                  (2) 

 

and the normal equation is: 

 

0=+bhR ,                                                                   (3) 

where 
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In this case, the coefficient and free term vectors of the correction equations are given by: 
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If we assume that all  уі  are independent, then the covariance matrix Ку will be diagonal. We denote 

the variances for the readings on the rail as: 
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iy ,                                                                    (5) 

 

and for the shifts of the rail foot as: 
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2  c=
,                                                                   (6) 

 

where 
2
0  is the variance of the unit weight error. 

 

Let’s find the weight matrix Рh. The covariance matrix Ky will have the vector ( (1, 1, 1, 1, c, c)  on its 

main diagonal. According to the generalized theorem of accuracy estimation: 

 
= BBKK yh                                                             (7) 
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As a result, for (7) we obtain: 
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Let’s consider two cases: 

 

1) The magnitude of the shift of the zeros is determined without error ( c = 0 ). Then: 
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The coefficient of the normal equation is: 
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The free term of the normal equation is: 
 

( ) ( )1

1 2

2

1
0.5 0.5

2

T

h

l
b A P L l l

l

 
= = = + 

   
 
Free term of the normal equation 
 

.                                                 (12) 

 
The adjusted value of the elevation is the arithmetic mean: 
 

                                                 (13)                                  

 
with weight: 

                                                 (13)                                  

 

Thus, theoretically, the elevation determined by this method is obtained with an accuracy 0  that 
corresponds to leveling with two horizons. 

2) The magnitude of the shift of the zeros is determined with equal precision as the readings iy . In 
this case, the covariance matrix and weight matrix will be as follows ( c = 1 ): 
 

                                                      (15)                                  

 
Let’s find the coefficient and free term of the normal equation: 
 

                                                  (16) 

.                            (17)                

 
The solution of the normal equation will be as follows: 
 

                        . 

 
The generalized weighted average will be: 

                                          (18) 

and its weight: 
 

.                                                         (19) 

 
The latter provides the following relationship for the leveling error using this method compared to the 
mean square error of leveling without determining the change in the position of the rail feet: 
 

 ,                                             (20) 

 
which indicates a decrease in accuracy by 15.5%. 
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Conclusions 

 

1. If the accuracy of determining the change in the position of the rail foot is significantly (at least 

three times) higher than the accuracy of taking readings on the rail, then the accuracy of leveling 

practically coincides with the accuracy when using two horizons of the level. 

 

2. If the determination of the change in the position of the rail foot is equally precise compared to the 

accuracy of taking readings on the rail, then the accuracy of determining the elevation using the 

method of changing the rail feet decreases by 15% compared to the accuracy when using two 

horizons. 

 

3. If the accuracy of determining the change in the position of the rail foot is significantly higher than 

the accuracy of taking readings on the rail, then the change in the position of the rail foot can only 

serve as a control for leveling. 
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