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SUMMARY 

 

RESEARCH CONTEXT AND MOTIVATION 

In the context of modern economic development, topographic and geological 

activities have acquired a fundamentally strategic role. They form the basis for the 

discovery, evaluation, and exploitation of mineral resources, which are essential raw 

materials for most industrial sectors. The steel, energy, machinery, metallurgical, and 

agricultural industries significantly depend on underground-extracted resources: from iron 

ore, copper, and rare metals to coal, oil, natural gas, and construction materials such as 

limestone, clay, or sand. 

This reality highlights the increasing importance of topographic and geological 

activities carried out in underground environments, as they play a decisive role in all stages 

of the mining cycle: exploration, design, exploitation, and monitoring. The information 

obtained through topographic measurements and geological studies enables the precise 

location of deposits, their 3D modeling, the selection of optimal exploitation methods, and 

ensures the safety of mining operations. 

Moreover, the accurate transfer of the geodetic network from the surface to the 

underground and the rigorous coordination of operations are critical aspects for the 

efficiency and security of the mining process. These challenges justify the need for in-

depth research into the methods and technologies for underground surveying and layout, 

aiming to improve the accuracy, safety, and efficiency of mining works. 

Thus, this research aims to analyze and optimize the topographic processes 

involved in underground mining activities, contributing both to scientific advancement and 

to solving practical, current problems in the extractive industry. 

 

MAIN OBJECTIVES OF THE DOCTORAL THESIS 

Given the dynamic, complex, and often unpredictable nature of underground 

mining operations, conducting the necessary topographic work for marking mining 

operations—whether for opening, preparation, or exploitation—is an essential step in 

ensuring safe and efficient mining activity. 

Correctly marking the designed works, as well as rigorously checking the executed 

ones, involves establishing and maintaining accurate topographic reference bases adapted 

to the specific underground conditions. 

One of the central objectives of this doctoral thesis was to evaluate the quality of 

topographic works from a dual perspective: on the one hand, by analyzing the accuracy of 

the measurements performed, and on the other, by examining the methods of data 

processing and interpretation. Special attention was also given to the practical 

implementation of theoretical results through staking-out operations, constantly seeking 

alignment between the designed model and the real underground configuration. 

An applied case study was conducted within the thesis, analyzing and developing 

specific methods for determining and implementing staking and control topographic bases, 



adapted to common types of underground mining works. These include directional and 

cross galleries, inclined shafts, as well as ventilation or extraction shafts—all addressed 

from both technical and methodological perspectives. 

The aim was to identify the most efficient technical-topographic solutions to ensure the 

required precision in the execution of mining works and to reduce layout errors that can 

result in deviations with a negative impact on work safety and exploitation efficiency. 

 

RESEARCH METHODOLOGY 

The methodology adopted in this doctoral thesis was designed to enable a rigorous, 

systematic, and applied investigation of the technical-topographic aspects specific to 

underground mining works. The research followed an interdisciplinary approach, 

combining theoretical, experimental, and applied methods, with the goal of optimizing 

layout and topographic control activities under real exploitation conditions. 

The main stages of the methodology included: 

1.Literature and documentation analysis 

A synthesis of national and international specialized literature in mining surveying, 

applied geodesy, and mining engineering was conducted to provide the theoretical 

foundation. Technical standards, current regulations, scientific papers, and relevant case 

studies were analyzed. 

2.Study of geological and structural conditions 

An analysis of the geological and structural context specific to the investigated 

mining works was carried out, as these factors significantly influence the choice and 

application of staking and control methods. 

3.Evaluation of existing topographic methods 

Both classical and modern methods used in staking and controlling underground 

works were critically examined, highlighting their advantages, limitations, and areas of 

applicability. 

4.Design and implementation of the case study 

Applied research was carried out in a comprehensive case study at an active mining 

site. Topographic methods were implemented and tested for the following types of works: 

- Directional and cross galleries 

- Inclined access planes 

- Ventilation and extraction shafts 

5.Determination and establishment of underground topographic bases 

Specific procedures were developed and applied for the determination, 

materialization, and verification of underground layout networks, with a focus on their 

correlation with the surface geodetic reference system. 

6.Measurements and data processing 

High-precision topographic measurements were performed using modern 

equipment (total stations, digital levels, gyroscopic orientation tools, etc.). The collected 

data were processed using specialized software (AutoCAD, Surfer, TopoLT, Excel, etc.) 

for error analysis, point stability verification, and deviation assessment. 



 

STRUCTURE OF THE DOCTORAL THESIS 

The thesis is structured into six chapters, following a progressive logic from 

general analysis of the technical and theoretical context to applied research and the 

formulation of original contributions. Each chapter addresses an essential component of 

underground topographic activities, directly related to mining layout requirements. 

 

Chapter 1 – Analysis of Underground Mining Works 

Provides a comprehensive overview of underground mining works categorized by 

purpose and functionality: opening, preparation, exploitation, ventilation, drainage, and 

transport. It describes the geometric and technological elements of these works (horizontal 

galleries, inclined planes, vertical shafts), emphasizing the importance of precise layout for 

safe and efficient mining operations. 

 

Chapter 2 – Current Methods for Studying and Analyzing Underground Topographic 

Networks 

Analyzes modern methods for studying, designing, and developing underground 

topographic networks. Emphasizes the need for continuous correlation between the 

underground network and the national or local geodetic system through coordinate 

transmission from the surface. 

 

Chapter 3 – Correlation Between Topographic Works and Underground Mining 

Operations 

Discusses the direct interdependence between topographic and mining activities. 

Covers accurate positioning, the need for ongoing coordination between design and 

execution, and staking and control procedures. Evaluates the impact of measurement and 

layout errors and proposes a general model for integrating topographic activities in the 

mining process. 

 

Chapter 4 – Evaluation of Topographic Works in the Layout of Underground Mining 

Operations 

Focuses on the qualitative and quantitative assessment of topographic work in 

underground layout. Details the procedures for establishing layout base networks, 

verification methods, and the types of possible errors. 

 

Chapter 5 – Specific Underground Topographic Works. Case Study 

The core chapter of the applied research, presenting results from a case study at an 

active mining site. Describes the analyzed mining works—directional and cross galleries, 

shafts, inclined planes—and the methods used for their layout and control. Highlights the 

specific technical conditions, equipment used, data processing approach, and final 

precision evaluation. Based on these elements, practical solutions and optimization 

proposals are formulated. 



Chapter 6 – General Conclusions. Original Contributions. Proposals 

Summarizes the research results, highlighting key conclusions regarding the 

importance, accuracy, and efficiency of underground topographic works. Details the 

original contributions made through the thesis, both methodologically and practically. 

Concrete proposals are also made to improve underground topographic activities and 

suggestions for future research directions. 

 

RESULTS OBTAINED FROM THE RESEARCH 

Improved accuracy in underground layout 

By applying modern measurement methods and optimizing data processing 

procedures, layout errors were reduced to under 5 mm, compared to standard acceptable 

values of 15–20 mm under similar conditions. 

Theoretical–practical correlation in layout work 

A systematic method was developed to verify the alignment between design plans 

and actual execution, leading to a significant reduction in geometric deviations during 

advancement stages. 

Identification of main error sources in layout and control 

The case study showed that the most frequent deviations stem from: 

- Incorrect instrument setup 

- Error accumulation in intermediate network points 

- Poor communication between design and execution teams 

Optimized layout solutions based on mining work type 

For each type of analyzed work (gallery, inclined plane, shaft), specific layout 

methods were identified that provide the best balance between accuracy, execution time, 

and ease of implementation. 

The mentioned contributions were validated both theoretically, through modeling 

and calculations, and practically, through application in the case study. The results support 

the need to adapt classical topographic methods to current underground realities and offer a 

practical framework for designing and controlling high-precision mining operations. 

 

CONCLUSIONS AND FUTURE DIRECTIONS 

The doctoral thesis titled ―Improving the Methods for Layout and Control of 

Underground Mining Works‖ aims to make a significant contribution to increasing the 

accuracy and efficiency of topographic activities in underground environments, with the 

goal of delivering mining projects under safe and economically sustainable technical 

conditions. 

In a highly complex field, where working conditions are difficult and risks are 

constant, mining surveying plays a crucial role throughout the life cycle of a mining 

operation—from design to execution and control. The thesis topic stems from the need for 

continuous adaptation and refinement of methods used for laying out mining works, in line 

with technological evolution and increasingly high precision requirements. 



The research was logically and coherently structured around several essential 

directions: 

- Analysis of the technical-topographic characteristics of underground mining works, 

- Evaluation of current layout and control methods, 

- Correlation between theoretical data and field execution, 

- Applied study on representative mining works. 

A central element of the thesis was the processing of measured values during both 

the design and execution phases. A step-by-step approach was proposed, aligned with the 

sequence of mining operations (opening, preparation, exploitation), enabling grouped 

equation processing and the application of matrix calculation for the most stable solutions. 

Regarding the accuracy assessment in polygonal traverses (dependent, independent, 

and free), the thesis offers rigorous calculation methods before and after measurement 

adjustment. The propagation of errors and their impact on the determined results were 

detailed, key elements in supporting layout decisions. 

Another important aspect analyzed concerns special topographic works, for which 

simplified and efficient procedures were identified and tested. Common situations 

encountered in topographic practice were addressed, such as: traverses with small 

misclosures, traverses developed in a single direction, and traverses with equal or unequal 

sides. In these cases, formulas were established for calculating transverse and longitudinal 

deviations, along with proposals for eliminating systematic errors. 

In view of the continuous development of the field, future research is recommended 

to focus on: 

- analyzing the distribution of weights in mining topographic networks, 

- optimizing the network structure based on the required precision and type of work, 

- deepening error propagation models in complex networks, 

- integrating modern technologies (laser scanning, LIDAR sensors, 3D modeling) 

into the underground topographic workflow. 
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