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SUMMARY 

 
 

The physico-geographical conditions of the Carpathian region, where a dense network of main gas 

pipelines is located, necessitate the construction of numerous overhead crossings over watercourses, 

ravines, and other obstacles. Approximately 80% of these pipelines have been in operation for over 25 

years, leading to changes in their technical condition and the physical-mechanical properties of their 

materials. These factors highlight the need for geodetic monitoring of the overhead gas pipelines to 

ensure their efficient and reliable operation. Geodetic methods allow for the determination of the 

spatial position and changes over time of the structural elements of these crossings. The use of 

modern electronic total stations enables indirect observations in reflectorless mode, improving safety 

for surveyors. However, the accuracy of spatial coordinate determination using total stations in 

reflectorless mode requires further study. This research aims to evaluate the accuracy of spatial 

coordinate determination of pipelines using electronic total stations in reflectorless mode and to 

establish the maximum beam reflection angle from the pipeline surface at various distances. 
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Introduction 

 

The physical and geographical conditions of the Carpathian region, within which there is a dense 

network of main gas pipelines, have necessitated the construction of a large number of above-ground 

crossings over water bodies, ravines, and other obstacles. About 80% of the gas pipelines have an 

operational life exceeding 25 years. During operation, the technical condition of the pipelines 

constantly changes, their material ages, and their physical and mechanical characteristics change. 

These factors necessitate geodetic monitoring of the condition of above-ground gas pipelines to 

ensure their efficient and reliable operation. 

 

Geodetic methods for surveying above-ground crossings of main gas pipelines make it possible to 

determine the spatial position of the structural elements of the crossings and their changes over time 

(VSN 39-1.10-003-2000, 2000). Issues related to ensuring the safe operation of pipeline systems have 

been addressed in works (Hrytsiuk, 2010; Mazur, 2004; Khrenov, 2005). The quality of the obtained 

results significantly depends on the stability of the reference base. For this purpose, various 

constructions of benchmarks are used, including (Trevoho et al., 2022). Various approaches can be 

used for deformation analysis, including (Trevoho et al., 2023). Deviations from the design position 

of supports, pylons, and pipelines lead to an increase in the stress-deformation state of the structural 

elements (Zamikhovsky & Oliynyk,  2008), which can lead to emergency situations. The proposed 

geodetic methods for measuring the displacement of the pipeline axis require the installation of a 

reflector on the surface of the pipeline, which poses a danger to the operator. The use of modern 

electronic total stations allows for indirect observations in a reflectorless mode. Currently, research 

continues on the reflectorless mode of electronic total stations (Tarasenko & Tishchenko, 2009), and 

methodologies are being developed to solve various engineering and geodetic tasks. However, the 

application of the reflectorless mode of a total station for monitoring the spatial displacements of 

above-ground gas pipeline crossings has not been sufficiently studied. 

 

The aim of this work is to investigate the accuracy of determining the spatial coordinates of a pipeline 

using an electronic total station in reflectorless mode, and to establish the critical angle of beam 

reflection from the pipeline surface at different distances. 

 

Method 

 

It is known that besides the limited range of the reflectorless mode of an electronic total station 

(depending on the instrument brand, it ranges from 100m to 2000m), there is a critical angle at which 

the reflected electromagnetic wave is not registered by the receiver of the distance measurement 

device. The value of the critical angle depends on the material of the surface being observed, its color, 

and structure. It is natural that the highest measurement accuracy (and consequently the accuracy of 

coordinate determination) is achieved when the beam falls at a right angle to the surface and decreases 

with a decrease in this angle (Tarasenko & Tishchenko, 2009). Developing a methodology for 

monitoring the displacements of above-ground crossings of main gas pipelines requires solving the 

following tasks: determining the optimal position of the instrument – the distance of the electronic 

total station from the pipeline axis, where the longest section of the pipeline is within the critical 

angles of the reflectorless mode (Fig. 1); studying the accuracy of coordinate determination with 

changing distance and angle of beam incidence. To solve these tasks, research was conducted on an 

operating gas pipeline (an above-ground beam crossing of the main gas pipeline "Soyuz" (D=1420 

mm) over the Bystrytsia Solotvynska River). The study of the reflectorless mode was carried out 

using an electronic total station Sokkia SET 530RK (serial number No. 148942). 

 

Observation Methodology on an Operating Gas Pipeline. On a flat section, a line was set out so that 

the line of the set out was perpendicular to the pipeline axis (Fig. 1). Along this line, 50m long, the 

total station was installed every 5m. At each standing point, the zero limb of the horizontal circle of 

the total station was oriented to the hypothetical intersection point of the line with the pipeline axis 

(beam incidence angle 90⁰). Then, by gradually turning the total station by the angle β, the 

coordinates of the pipeline were determined until the instrument, at a certain value of the angle β, 
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displayed the message: <no signal>. Data on the determination of critical angles are presented in 

Table 1. 

 

 
Figure 1. Diagram of the study of the limit angle of the total station's operation in reflectorless mode 

 

Based on the value of the distance from the total station to the pipeline axis S0 and the critical angle of 

the reflectorless mode βгран we calculate the length of the pipeline section L, whose coordinates can be 

determined from the given station, using a right triangle (Table 1). 

 

Table 1. Critical angle of total station operation in reflectorless mode 

 

Station 

number 

№  

Distance to the pipeline 

S0, м 

Limit angel 

βгран 

Length of the 

beam  

Si, м  

Length of the pipe  

L, м   

1 5 (4,986) 81⁰30’ 33,733 33,362 

2 10 (9,987) 74⁰11’ 36,641 35,254 

3 15 (14,988) 70⁰30’ 44,900 42,325 

4 20 (20,002) 68⁰13’ 53,900 50,051 

5 25 (24,993) 64⁰49’ 58,736 53,153 

6 30 (29,982) 62⁰12’ 64,286 56,866 

7 35 (34,965) 59⁰16’ 68,419 58,810 

8 40 (39,977) 55⁰43’ 70,971 58,641 

9 45 (44,969) 54⁰19’ 77,093 62,619 

10 50 (51,698) 49⁰43’ 79,958 60,996 

 

From Table 1, we see that the optimal position of the instrument from the pipeline axis is a distance of 

45 m. At this distance, the critical angle of the reflectorless mode is 54°19’, corresponding to the 

maximum length of the studied section of the pipe, which is 62.619 m. Thus, operating the instrument 

within 54°19’ in both directions from the normal to the pipeline will allow for the determination of the 

coordinates of pipeline points over a length of approximately 125 m. 

 

To assess the accuracy of the obtained coordinates of the pipeline in reflectorless mode at a distance 

of 45 m, an experiment was conducted following this scheme. The electronic total station was set up 

at a distance of 45 m from the pipeline along a line perpendicular to the pipeline axis. The zero limb 

of the horizontal circle of the total station was oriented in the direction of the line (reading on the 
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horizontal circle at the intersection point with the pipeline axis was 0°00’). Markers were placed on 

the pipeline corresponding to readings on the horizontal circle at 0°, 10°, 20°, 30°, 40°, 50°, and 53° 

(Fig. 2). The coordinates of each of the 7 control points marked on the pipeline were determined in 30 

measurements. 

 

 
Figure 2. Diagram of the study of accuracy in determining the coordinates of pipeline points  

 
Let's evaluate the accuracy of the measurements performed. We calculate the mean square errors of 
the coordinate determination for X, Y, and Z for each point using Bessel's formula: 
 

 
 

where  i is the point number, n = 30 is the number of measurements, and VX(Y)(Z) are the differences in 
coordinates.  
 
The mean square error of the position of the control point is determined by the formula: 
 

 
 
The results of the calculations of the mean square errors in determining the coordinates of the points 
using the electronic total station in reflectorless mode at a distance of 45 meters from the pipeline are 
presented in Table 2. 
 

Table 2. Mean square errors in determining the coordinates of control points 

№ Point 
Point 1 

β=0⁰ 
Point 2 

β=10⁰ 
Point 3 

β=20⁰ 
Point 4 

β=30⁰ 
Point 5 

β=40⁰ 
Point 6 

β=50⁰ 
Point 7 

β=53⁰ 

Mi , мм 1,5 1,9 2,3 3,0 3,8 4,5 6,2 

 
Based on the data in Table 2, a graph has been constructed, as shown in Figure 3. 

 

 
Figure 3. Graph of the Relationship Between Coordinate Determination Error and Laser Beam Angle 

of Incidence 



 

 

International Conference of Young Professionals “GeoTerrace-2024” 

7-9 October 2024, Lviv, Ukraine 

From the graph, we can see that the change in accuracy with respect to the angle of incidence follows 

an exponential law. This is also indicated by the exponential trend line plotted on the graph, with its 

equation presented in Figure 3. The assessment of the accuracy of the approximation of the 

relationship between the accuracy of coordinate determination and the angle of incidence is given by 

the value of the coefficient of determination, which approaches one. In this case, R2=0.996R^2 = 

0.996R2=0.996. 

 

Conclusions 

 

The results of the research allow for the determination of the optimal position of the electronic total 

station for monitoring the movements of above-ground crossings of main gas pipelines in reflectorless 

mode. According to the findings, at a distance of 45 meters from the pipeline axis, the Sokkia SET 

530RK electronic total station determines the coordinates of a pipeline section with a length of 125 

meters. It has been established that the accuracy of obtaining coordinates using the Sokkia SET 530RK 

total station in reflectorless mode does not exceed 6.2 mm. It is worth noting that the use of powerful 

electronic total stations with a reflectorless range of 1000 meters or more will allow for the 

determination of coordinates of above-ground crossings several hundred meters long, as well as 

achieving high accuracy in the obtained results. 
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