
 

 

International Conference of Young Professionals “GeoTerrace-2025” 

6-9 October 2025, Lviv, Ukraine 

GeoTerrace-2025-024 
 

Application of terrestrial laser scanning in open pit mining 

conditions 

V. Kotenko, M. Skoryk (Zhytomyr Polytechnic State University), *L. Dorosh, V. Kovtun  

(Ivano-Frankivsk National Technical University of Oil and Gas) 

SUMMARY 

 

The efficiency and safety of mineral extraction largely depend on high-quality mine surveying support. 

In open-pit industrial areas, the surveying service performs a wide range of tasks, including geodetic 

measurements, monitoring, and documentation management. To address these tasks, it is optimal to use 

spatial terrain models. This study aimed to analyze the possibilities of applying the SLAM R100 laser 

scanner in open-pit mining within small nonmetallic quarries, as well as to determine the suitability of 

the obtained 3D point cloud for solving engineering problems arising in the framework of mine 

surveying support of mining operations. The research methodology is based on an experimental 

approach using a real object. For the observations, an operating gabbro quarry was selected. After 

surveying the area, a scanning route was created along which control points were established. For data 

comparison, control points with spatial coordinates determined by an electronic total station were used. 

Keywords: terrestrial laser scanning, open-pit mining, mine surveying support of mining 

operations, point cloud, mobile laser scanner SLAM R100 K.  

Corresponding Author: liubov.dorosh@gmail.com  

 



 

 

International Conference of Young Professionals “GeoTerrace-2025” 

6-9 October 2025, Lviv, Ukraine 

Introduction 

 

Mining plays a key role in industrial development by providing various sectors with raw materials and 

resources. The efficiency and safety of mineral extraction largely depend on high-quality mine 

surveying support. 

 

In particular, in open-pit mining, the surveying service performs a wide range of important functions, 

including geodetic measurements, monitoring the execution of works, and documentation management. 

Its responsibilities include quarry surveying, calculating the volume of extracted minerals and 

overburden, verifying compliance with design solutions, monitoring the condition of mine workings, 

and ensuring operational support. 

 

Additionally, the service maintains documentation reflecting the current state of works and mine sites. 

Equally important tasks include assessing the stability of quarry walls and dumps, as well as monitoring 

possible deformations of the earth’s surface and technical structures. To perform these tasks, engineers 

require up-to-date cartographic materials that help in creating plans, cross-sections, and profiles of the 

terrain. Modern technologies significantly simplify this process, especially with the spread of 3D modeling, 

which is more convenient to use compared to conventional flat maps. The growing popularity of laser 

scanning in the mining industry is explained by its high accuracy and the accessibility of suitable equipment. 

 

Beyond mining, terrestrial laser scanning has also proved effective in other domains, for example for 

historical virtual reconstruction of fortification sites (Savchyn & Repechovych, 2024) and for rapid 

fixation and digitization of cultural heritage objects in conflict zones (Savchyn et al., 2023), underlining 

the versatility of TLS technology. 

 

At the same time, one of the problems specialists face is the insufficient regulatory framework for new 

methods. The implementation process requires the development of theoretical approaches, testing of 

algorithms and equipment, and only after confirming effectiveness are changes made to regulatory 

documents. Thus, practicing engineers must determine the feasibility of using laser scanning for 

obtaining spatial data, evaluate its accuracy, advantages, and challenges in the context of supporting 

mining operations. 

 

Method and Theory 

 

In recent decades, there has been a growing popularity of terrestrial laser scanning (TLS) systems in 

geomatics, which allow obtaining highly accurate information about the environment (Di Stefano et al., 

2020; Tanduo et al., 2023). The use of TLS in mining demonstrates significant potential, especially in 

creating detailed digital quarry models. Such models are formed on the basis of laser scanner data, 

which provide point clouds with accuracy ranging from millimeters to centimeters (Heritage, 

Hetherington, 2007; Shafiqul Islam et al., 2020). 

 

However, laser scanning has certain limitations – it requires direct visibility of the object. In cases where 

TLS is mounted on a tripod, the data collection process becomes significantly complicated in difficult 

topographic conditions. In open-pit operations, usually only a small number of positions allow coverage 

of large areas of the object. For complete coverage of the necessary zones, such as quarry edges, 

benches, faces, berms, or pit bottoms, several scanner positions must be used. This requires multiple 

relocations of the system during stationary scanning, which significantly increases time costs and 

complicates further data processing (James, Quinton, 2014; Martino et al., 2023). 

 

In our study, an experimental method based on work with a real object was applied. For the 

observations, a functioning gabbro quarry was chosen. Based on a reconnaissance survey, a scanning 

route across the territory was formed and control points were established along it. For comparison of 

coordinates obtained from the point cloud, the coordinates measured with an electronic total station 

were used. The root mean square errors (RMSE) of the relative position of points in the cloud were 

calculated using mathematical statistics methods. 
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Results 

 

The study object was the Kamyanobridske deposit, located north of the village Kamyany Brid 

(Zhytomyr region), with an area of 3.9 hectares at the time of scanning (figure 1a). This deposit is 

located in the Zhytomyr Polissia region, characterized by a flat, weakly dissected relief. Surface 

elevations of the deposit range from 192.5 m to 196.4 m. 

 

The scanning route, 1470 meters long (Figure 1b), was developed taking into account the requirements 

of the SLAM system and ensuring coverage of all quarry elements. The scanning procedure lasted 34 

minutes. The localization of the point cloud in the MSK-18 coordinate system was carried out using 5 

reference points, the coordinates of which were determined with a SOUTH NTS355R total station 

(figure 2). 

 

a        b 

Figure 1. a) Kamyanobridske deposit; b) Scheme of the scanning route of the deposit territory. 

 

 
Figure 2. Location of reference and control points. 

 

The obtained point cloud allows for rapid updating of topographic data within the deposit, ensuring 

effective monitoring of mining operations. 
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The accuracy of the 3D cloud was assessed by determining the RMSE of the spatial coordinates of 

control points. Within the quarry, 21 control points were established, located on slopes, and fixed in 

both horizontal and vertical planes. The control points were A3-format targets with a visually clear 

center. Based on practical experience, this target type was selected because its center can be clearly 

identified during post-processing in both colorized and intensity-based point cloud modes (figure 3). 

The spatial coordinates of all points were measured using a SOUTH NTS355R total station. RMSE was 

calculated by determining the deviations between the coordinates obtained from the SLAM point cloud 

and the coordinates measured by the total station. 

 

 
Figure 3. Location of reference and control points 

 

Conclusions 

 

Terrestrial laser scanning (TLS) technology is now actively used in various mining engineering tasks 

due to its numerous advantages. These tasks include the detection of fractures in quarries and mines, 

deformation measurements, assessment of blasting impacts, analysis of rockfalls and landslides, as well 

as developing three-dimensional geometries of slopes and benches. 

 

The innovative SLAM (Simultaneous Localization and Mapping) technology has become a reliable tool 

in many fields thanks to its accuracy, speed, and efficiency. Its application is constantly expanding, as 

this method has shown superiority over traditional solutions in terms of timeliness, cost-effectiveness, 

and productivity. 

 

In this study, SLAM technology was tested at the Kamyanobridske gabbro deposit. The calculation of 

the root mean square error (RMSE) of control point coordinates showed a planimetric accuracy of the 

three-dimensional data cloud at the level of 39 mm and a vertical accuracy of 24 mm. This confirms the 

high efficiency and detail of the obtained 3D model of the object. 

 

Regular use of such surveys allows monitoring these processes dynamically. The detailed geometry 

with photovisualization also helps to record tectonic or technological disturbances in the mineral body, 

which is critically important when planning operations in block stone deposits. This contributes to 

identifying promising areas for further extraction. Ultimately, SLAM technology demonstrates 

excellent performance, accuracy, and data detail, making it an optimal solution for nonmetallic block 

stone deposits, especially in open-pit mining. 
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