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Abstract. This article explores solutions to address the issue of implementing a shift monitoring system in 

quarries, which is the primary cause of collapsing sides and edges. For guaranteed safety and continuous 

monitoring of the quarry's activities, advanced fiber-optic sensors have been integrated. Their design is based on 

the use of single-mode optical fibers, which provides the most accurate assessment of displacements in 

mountainous terrain up to a distance of 30 km. Extensive laboratory studies have been carried out to deeply 

analyze the deformation and shear processes occurring in this geographical area. The results obtained from these 

analyses bode well for a significant improvement in quarry performance and a reduction in the likelihood of 

emergency situations. 
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1. Introduction  
 
The hardware and software system for controlling the stability of quarry sides using optical fibers is an 

innovative system designed to monitor and prevent hazardous situations in quarries and open-pit mines. Here 

are the main components and operating principles of such a system: optical sensors, where optical fibers are 

placed along the sides of the quarry, as well as inside certain points for direct measurement of displacements 

in the rock massifs; measuring devices, where special sensors and instruments read data from optical fibers 

and transmit them for processing; software for data analysis and processing, where the complex includes 

software algorithms for data processing, their analysis and interpretation; warning system, where the 

received data are processed and interpreted; and a warning system. When potentially hazardous situations are 

detected, the system can alert operators to take action to prevent accidents; automated control systems, where 

in some cases, if serious safety hazards are detected, the system can automatically activate measures to 

stabilise the pit sides, such as activating drainage systems or changing the mining regime. 

The use of a hardware-software complex for monitoring the stability of the quarry sides using optical 

fiber significantly increases the safety of works, prevents possible accidents and provides continuous control 

over the condition of the quarry sides. Such systems are becoming increasingly popular in the mining 
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industry, where safety plays a key role, and remain relevant and in demand today. Mining in quarries and 

open pit mines carries the risk of rockfalls and landslides, which can lead to extremely dangerous situations 

for workers and have serious environmental consequences. Optical fiber-based technologies offer effective 

solutions for monitoring the stability of quarry slopes. The advantages of using optical fibers in this context 

include high accuracy and reliability of signals, resilience and the possibility of remote monitoring. By 

installing optical fibers on quarry sides and using appropriate hardware and software, displacements in rock 

masses can be continuously monitored, allowing for the timely identification of potentially hazardous areas 

and the prevention of accidents. Thus, remains relevant and has great potential for application in the mining 

and construction industry, as well as for safety and environmental protection. 

The purpose of this research is to develop and implement an integrated system for monitoring and 

controlling the stability of quarry sides using optical fiber.  

The main objective is to create a hardware and software system capable of continuously and accurately 

measuring displacements in rock massifs, as well as warning of possible threats of rockfalls and landslides. 

Through the integration of optical fibers, sensors and specialised software, we aim to develop an effective 

system capable of ensuring personnel safety, reducing the risk of accidents and minimising environmental 

impact in open pit and surface mining environments.  

 

2. Problem statement and literature review  
 
The relevance of the research on the creation of hardware and software complex for controlling the 

stability of quarry sides using optical fiber is confirmed by several factors: 

1. Safety at work, where mining in quarries is associated with the risk of cave-ins and landslides, which 

can lead to serious accidents and loss of human life. The development of technology to continuously monitor 

the stability of quarry faces helps to reduce the risk of such accidents.  

2. Environmental safety, where rockfalls and landslides in quarries can also cause environmental 

pollution, which has a negative impact on the environmental conditions in the region. Effective control of the 

stability of quarry sides helps to prevent such environmental disasters.  

3. Production efficiency, where controlling the stability of quarry faces is also important in terms of 

production efficiency. Preventing rockfalls and landslides avoids temporary production stoppages and 

equipment damage.  

4. Innovation technologies in the mining industry, where the development of new methods for 

monitoring and controlling the extraction of natural resources is an important area for the modern mining 

industry. The application of optical fiber to control the stability of quarry sides represents an innovative 

approach to this problem. Thus, the research in the field of creating a hardware and software system for 

controlling the stability of pit sides using optical fiber remains relevant and in demand in the modern mining 

industry, where safety, efficiency and environmental responsibility play a key role. 

The novelty of the research in the creation of hardware and software complex for controlling the 

stability of quarry sides using optical fiber is manifested in several issues. 

 1. Integration of optical fiber into a monitoring system, where the ability to use optical fiber to monitor 

the stability of quarry sidings represents an innovative approach. Previous methods may have involved the 

use of different sensors or transducers, but the use of optical fiber opens up new possibilities for more 

accurate and continuous monitoring.  

2. High accuracy and reliability, where the use of optical fiber achieves high accuracy and reliability in 

measuring strains and stresses in rock masses. This allows operators to obtain more accurate information on 

the condition of the quarry faces and take appropriate precautions. 

3. Development of specialised software, where specialised software is required to analyse and interpret 

data obtained from optical fiber. The development of such software includes consideration of the 

peculiarities of optical monitoring systems operation, signal processing algorithms and visualisation of 

results. 4. Integration with automated control systems, where the possibility of integrating the data obtained 

from the monitoring system with automated control systems of the open pit mine allows to promptly respond 

to detected threats and take measures to prevent emergencies. Thus, the novelty of this study lies in the 

application of modern optical technologies to create a comprehensive system for monitoring the stability of 

quarry sides, which leads to increased efficiency and safety in mining. 

Open pit mining, compared to underground mining, typically requires less upfront capital investment, 

provides better access to minerals and has a simpler infrastructure that facilitates more efficient production 
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management. The main issue is always to improve the efficiency of mineral extraction and ensure the safety 

of personnel during mining operations. It is necessary to strive for full recovery of mineral reserves with 

minimum stripping works. However, achieving this goal is only possible if the stability of the instrumental 

rock mass is ensured. This emphasises the importance of developing methods and technologies aimed at 

ensuring the safety and efficiency of stripping operations at open pits. To solve this issue there are various 

methods of control, ranging from manual labour up to the use of geotechnical radar and satellite systems of 

laser scanning, which quite effectively perform the functions of control of the instrument massif of the 

quarry, but have a number of disadvantages, such as high manufacturability and cost, as well as some 

dependence on weather conditions, in addition have limitations on use. The rate of development of open pit 

mining in Kazakhstan and worldwide is quite high, but there are a number of problems that need to be 

solved. One of the problems is the development of effective methods for controlling the stability of rocks in 

open pit mines. The analysis of works [1-4] has uncovered a predicament that defies a definitive resolution, 

necessitating the implementation of diverse methodologies. To address these prevailing challenges, the 

indispensable incorporation of a technology focusing on the advancement of sensors utilizing single-mode 

optical fibers becomes imperative. And the main objective of this research is to create sensors that possess a 

substantial degree of instability at their sides and edges. This objective has been corroborated by the findings 

of various simulation experiments conducted by the authors in [5, 6], who extensively discussed the 

advantages and disadvantages of fiber-optic sensors. Currently, there are many approaches available, each of 

which has been shown to be effective. However, the main challenge is to develop and implement an 

innovative technique using fiber-optic technology that combines all the benefits described in the research [7]. 

Scientists from various countries are actively working on the problem described above, and are 

exploring different approaches to solve it. Some of the proposed methods include the development of 

geotechnical radar, the application of geo-scanning methods, as well as the use of fluorometric approach and 

other innovative techniques. A comprehensive analysis of existing control methods and tools with a detailed 

description of their advantages and disadvantages is quite well researched and described in [8], which 

supports the concept proposed in this study. However, the problem of ensuring the stability and safety of 

open pit sides is still relevant and requires further improvements and search for new solutions, taking into 

account the variety and complexity of mining operations performed at the open pit or open pit mine, as well 

as mining and geological conditions [9]. Some innovative methods have limited application due to the high 

cost of capital and operating costs, which significantly exceed the cost of traditional instrumental 

measurements. Among the existing methods [8] for measuring and controlling the condition of quarry faces, 

the most favored are the following: geometric and hydraulic levelling, planning and spatial three-layer 

measurement, profile line distance measurement using light meters, profile line slope measurement, special 

ground light stone measurement and automated remote information transmission system for determining the 

relative displacement of the control point. However, the last method listed above, the automated remote 

information transfer system, is the most promising and acceptable to the modern mining industry, which 

tends to utilize digital technology. The scientific substantiation of geological support for controlling the 

stability of quarry sides allows the development and implementation of observation methods using modern 

geodetic equipment and technologies, such as high-precision observations using electronic total stations, 

instrumental observations using global navigation satellite systems, automated system «GEOMOS», ground-

based laser scanning and radar interferometry to observe the movement of rocks and the earth's surface. 

However, the main drawbacks of existing methods are their dependence on obstacles, susceptibility to radio 

interference and the requirement for expensive equipment. 

The control of pit wall stability relies mainly on an accurate assessment of the conditions and causes of 

deformation. Prediction and monitoring of pit wall stability are key tasks in open pit mining. When 

considering the factors affecting pit wall stability, the following should be kept in mind: the type of 

disturbance, the activity of the fracture process, its nature and configuration, as well as the type of 

deformation and its duration, the parameters of the tool array and the characteristics of the sides. Without 

systematic monitoring of these parameters, it is difficult to obtain such information.  

One of the promising solutions is the use of fiber-optic technologies in the systems for controlling the 

stability of quarry sides. Creation of a digital control system based on a light wave instead of an electrical 

signal can partially solve this problem. It will allow not only to save a lot of money when creating a complex 

of control of the stability of the pit walls, but also to digitalize separate processes of mining production. 

Optical fiber has a number of advantages over traditional instrumental and electrical measurement systems 
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such as total stations. It does not require the use of electric current for its operation, has a low signal 

attenuation coefficient, is insensitive to electromagnetic interference and is fire safe [9]. 

The paper [10] describes the research of the physical and mathematical model of the system of 

controlling the stability of quarry sides using optical fiber, its physical basis of construction. In addition, it 

describes the issues that are related to the development of a system for controlling the stability of quarry 

sides using optical fiber. A fiber-optic point sensor is used in a quarry wall stability monitoring system using 

optical fiber. This sensor is based on a laboratory specimen that uses a dual Mach-Zehnder interferometer, 

which ensures zero drift. It also uses a single-mode optical fiber to control the drift with a change in 

sensitivity and has low temperature resistance. In addition, similar works by foreign researchers who also 

work with optical fiber and build fiber-optic sensors were analysed.  

The research paper [11] discusses a new water pressure sensor, confirming the effectiveness of using 

Bragg grating for pressure monitoring. In paper [12] published in 2011, researchers presented a system for 

continuous pressure monitoring at roof and slab, where the main loads on the measured masses gradually 

shift. The effectiveness of this system was demonstrated in the same work [12] through the evaluation of the 

sheathing characteristics to ensure its reliable performance in different geological conditions. [13] provides 

information on strain measurements in the underground mining field, wherein measuring strain over an 

infinite length aids in correcting the strain field generated by underground operations outside the fault zone. 

Field inspection has the advantage of being able to continuously monitor strains under a variety of actions, 

including tension, compression and shear, as well as respond to tensile strains due to the ability to detect 

localised shear or expansion in volumetric heterogeneities. 

In their paper [14], the authors describe the development and testing of a novel quarry safety monitoring 

system using Bragg networks. This system offers a number of advantages over traditional monitoring 

devices, including accurate and reliable remote monitoring of quarry operations. The researchers, who are 

also authors of another paper [15], present test results demonstrating the high deformation characteristics of a 

high-strength stainless steel optical fibre. This optical fibeк can be connected to a concrete anchor with 

uniform deformation, indicating its potential for theoretical and experimental monitoring of quarry 

movement. In addition, another research paper [16] addresses the problem of work safety by investigating 

the stability conditions of large-sized mining tools. This work presents an innovative analysis method that 

combines digital photogrammetry with distributed fibeк-optic sensors, unmanned aerial vehicles and 

topographic and geotechnical control systems to verify and monitor stability conditions. 

The literature review has shown that the existing methods do not fully provide a solution to the problem 

of board stability control in terms of their efficiency, ease of operation and energy consumption. It should 

also be noted that the cost of some technical means is quite high for mining companies, which leads to the 

use of manual labor, which hinders the practical implementation of digital technologies. The human factor 

also brings some problems with the accuracy and timeliness of detection of potential rock collapse centers. 

The proposed method takes into account all modern peculiarities of science and technology development as 

well as the necessity of transition from electronic to optical technologies. Fiber-optic sensors will provide 

automatic control of rock displacement with minimum cost of one measurement point and minimum energy 

consumption. 

line 
3. Experimental part 
 
The circuit diagram of the pit wall stability sensor based on optical fiber can be explained on the basis 

of fundamental physical laws, such as the laws of optics and Hooke's law. The laws of optics and Hooke's 

law play a key role in the circuit diagram of the optical fiber-based pit wall stability sensor. The law of 

refraction of light (Snellius' law) describes the change in the direction of a light beam when moving from one 

medium to another. This law is taken into account when calculating the change in the optical path of light in 

an optical fiber when its length changes due to displacements. Law of conservation of energy in optics, 

according to this law, the energy of a light beam is conserved during its passage through optical systems. 

This is taken into account in determining light intensity and phase in the interference phenomena used to 

measure the displacement of an optical fiber. Hooke's law describes the relationship between stress and 

displacement in elastic materials. According to this law, stress (tension or compression stress) is proportional 

to displacement with a constant coefficient of proportionality called the modulus of elasticity or Young's 

modulus. In the context of a pit wall stability sensor, Hooke's law is used to interpret optical fiber 

displacement data, which is converted into stresses in rock masses. The measured displacements are used to 
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determine the stresses in the rock masses, which allows the level of pit wall stability to be assessed. 

Consequently, the laws of optics and Hooke's law provide the fundamental principles for the operation of a 

pit wall stability sensor based on optical fibers, allowing to measure displacements and stresses in rock 

masses with high accuracy and reliability. The main steps of such a sensor are summarised in Table 1.  

1 line 
Table 1. Basic stages of sensor operation. 

Change of optical fiber 

length under stress 

 

Measurement of change 

using interference 

Signal conversion Data visualisation and 

analysis 

- a fiber impregnated with 

a certain material is 

installed along the pit wall 

- under the action of 

stresses or deformations 

occurring in the rock 

masses 

- the length of the optical 

fiber changes, this change 

in length leads to a change 

in the optical 

characteristics of the fiber 

- interferometry is used to 

measure changes in the 

length of an optical fiber 

- interference occurs 

between reflected light 

waves from different parts 

of the fiber 

- a change in the length of 

the fiber causes a change in 

the phase of the interfering 

waves, which can be 

measured by 

- the measured phase 

change of the interfering 

waves is converted into a 

strain or stress value 

- signal processing 

algorithms are used for this 

purpose, which can be 

implemented in the 

software of the complex 

- the obtained data on 

deformations and stresses 

in rock masses are 

displayed on the monitor 

for operators 

- this allows operators to 

monitor the stability of the 

pit walls in real time and 

take appropriate 

precautions 

1 line 

Thus, the operating principle of the sensor is based on the use of optical fiber to measure deformations 

in rock massifs, as well as on signal processing methods to analyse the obtained data. This allows operators 

to effectively monitor the stability of pit sides and prevent dangerous situations. 

In this paper, fiber-optic sensors based on a two-way fiber-optic interferometer are considered, which 

are simple to fabricate and simple to process signals. All types of fiber-optic sensors have certain 

disadvantages, for example, in sensors based on interferometers, a change in sensitivity is observed, as well 

as in long measuring channels, the influence of temperature interference and a change in the refractive index 

is observed, which leads to a «signal freeze» due to a change in the initial value of the phase of light wave 

propagation through the core of optical fibers. The problems described above are more typical of single-

mode optical fibres as they are used to observe objects at distances up to 30 km. Multimode fibres, although 

less susceptible to temperature interference, can operate effectively over shorter distances of 500-1000 

metres. One of the solutions to completely eliminate the disadvantages of two-way fiber-optic 

interferometers is signal processing software using artificial intelligence algorithms. In this paper, it will be 

proposed to develop fiber-optic sensors based on the double Mach-Zehnder interferometer principle and 

using single-mode optical fiber for strain (shear) monitoring. They will have variable sensitivity and low 

sensitivity to temperature changes to minimise drift. 

A Mach-Cender dual beam interferometer fiber sensor based on Single Mode optical fiber is proposed 

to control the bias change in sensitivity and the effect of zero drift caused by temperature interference. In 

order to change the sensitivity of the strain meter, the design was modified. The optical fiber is wound on 

two half-discs and can be made of plastic (Figure 1), where 1 is beam source with wavelength 1310-1625 

nm, 2 is optical connector, 3 is optical fiber, 4 is movable half-disc, 5 is fixed half-disc, 6 is resilient element 

(damper), 7 is movable stand, 8 is fixed half-disc mounting point, 9 is sensor housing, 10 is optical 

wattmeter. The obtained results are explained by the inverse relationship between the values of the elasticity 

coefficient: the greater the number of turns of the optical fiber, the lower the elasticity coefficient.  To really 

test the scheme, a laboratory sample of the optical fiber sensor based on the Mach-Cender interferometer was 

created (Figure 2). Displacement is performed by tightening the tension sleeves. When moving the ends of 

the ferrule in which the optical fibre is inserted, a distance of up to 3 mm can be formed between them; if 

necessary, the measuring range can be increased to 100 mm by extending the ferrule. However, there are 

limitations associated with the parameters of the ferrule surrounding the ends of the optical fiber and the tube 

through which the ferrule moves. To increase the distance between the ends of the fiber, multiple sensors 

may be connected in series or a transfer mechanism may be used. As the distance between the ends of the 

optical fiber increases, the characteristics of the light, such as its intensity and propagation phase, change, 

which is reflected in a change in the shape of the light spot. The greater the separation between the ends of 
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the optical fiber, the greater the degree of additional loss and optical power loss. These changes are carefully 

recorded by the control hardware and software system and visualised on the screen. 

 

 

Fig.1. Strain measurement method using fiber optic sensors 

 

Fig. 2.  Laboratory sample of a fiber optic sensor based on a Mach-Zehnder interferometer 

In the experiment, the initial conditions were: tension force on optical fiber in 0.5 mm increments for 

optical fiber with wavelength 650, 1310, 1550 nm in chamber conditions at air temperature from 22
0
C to 

23
0
C with relative humidity within 60%.  Corning SMF 9/125 µm quartz Single Mode fiber (ITU-T 

G.652.Standard D) is used as an optical fiber sensor.  The optical fiber has a 245 micron thick primary 

coating.  The interferometer arm contains spools with 2.03km and 2.01km optical fibers respectively, 

connected using a standard 20m jumper, with SC connectors on both sides. The power losses passing 

through the arms of the fiber-optic sensors were determined using experiments with different boundary 

values. Measurements of displacement values of the instrument array were repeatedly carried out, 

experimental data were processed by methods of mathematical statistics with the help of computer 

programmes. To ensure the accuracy of the obtained results, Student's criterion with a confidence interval of 

0.95 will be used. The measures taken will make it possible to achieve high indicators of adequacy, 

neutrality, validity in relation to the processes and phenomena under study in order to identify various errors, 

according to the recommendations. 

The obtained experimental data were processed using the computer programme Wolfram Alpha 

(computational knowledge engine), and a graph (Figure 3) of the dependence of the change in the additional 

light wave losses as a function of the applied tension force was plotted. Using the computer programme 

Wolfram Alpha, mathematical expressions of various approximations were obtained. Experimental 

processing of the results was carried out taking into account the minimum value of the Akaike information 

criterion, and a second-degree approximation with the coefficient of determination R
2
=0.982 was chosen as 

the best option. The laboratory sample of the fiber-optic sensor based on the Mach-Zehnder interferometer 

demonstrated sufficiently high linearity and accuracy of measurements. After appropriate modification of its 

design, it can be successfully applied for control of array deformation. Automated approximations of data for 

optical fibers with wavelengths of 650, 1310, 1550 nm using Wolframalpha software were carried out, data 

and graphs of dependence of optical fiber loss values were obtained. For example, for a wavelength of 650 

nm the dependence graph (Figure 3) of the value of optical fiber losses at step-by-step increase of tension 

and data diagnostics is presented.  
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Fig. 3.  Graph of the dependence of optical losses on the value of the reference point shift 

The results of research in the field of creating a hardware and software complex for controlling the 

stability of quarry sides using optical fiber are presented as follows.  

1. Creation of the prototype of the complex, where the research included the design and construction of 

the hardware part of the complex, including optical sensors, measuring devices and data transmission 

systems, as well as software for processing and analysing the obtained data.  

2- Testing in laboratory conditions, where the prototype of the complex was subjected to testing in 

order to assess its efficiency and reliability in real conditions. During the experiments the parameters of 

measurement accuracy, stability of the system operation and the ability to react promptly to changes in the 

environment were evaluated.  

3. Data acquisition and analysis, where the collected data on changes in the stability of the quarry sides 

were subjected to analysis using signal processing and statistical analytical methods. This allowed the 

identification of the main trends and characteristics of changes in rock masses and the assessment of the 

hazard level of certain areas.  

4. Conclusions, where the performance of the complex, its advantages and limitations were determined 

on the basis of the research results, and recommendations for further improvement of the system were 

developed. These conclusions can be used to optimise the processes of controlling the stability of quarry 

sides and improve safety at work. 

Such research results are important for the mining and construction industry, as they can contribute to 

the improvement of technologies for controlling and managing mining processes, as well as reducing the 

risks of accidents. 

 

4. Results and discussion  

As already mentioned, the fiber-optic system that ensures the safety of open-pit mining consists of three 

main parts: a radiation source, a fiber-optic sensor, a device for data processing and information output. The 

first two elements are described in detail and studied in the scientific literature. The most important element 

is the latter, since the effectiveness of measurements and the reliability of results depend on its operation. It 

is necessary to develop a data processing device and use high technologies associated with artificial 

intelligence algorithms necessary to output information that meets all modern requirements.  

It is noted in the literature that little information about this device has been published, and the 

developed software package is not freely available. The more complex the devices for data processing and 

information output, as well as its algorithms related to decision-making, the more accurately it provides 

measurements and eliminates all errors associated with various interference. For example, in a distributed 

fiber-optic system, there may be a significant influence of temperature resistance, which leads to a drop or 
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freezing of the signal. Complicating the algorithm of data processing and decision-making is one of the ways 

to create efficient devices for processing and extracting data in all respects, but this requires certain 

equipment and software, which significantly increases the cost of the monitoring system. In addition to the 

costs of creating a monitoring system, the buyer will need to spend money on expensive and long-term 

research work. Given the lack of widespread demand and limited use, this creates a fairly high cost of fiber-

optic tracking systems based on fiber-optic technologies, which limits the scope of their application.  

Also, a number of technical problems have not been fully solved, which do not allow for their 

widespread implementation at mining enterprises. Taking into account the above, work has begun on the 

creation of its own hardware and software complex for four measuring channels. So far, the physical number 

of channels is limited to four, depending on the limited computing capabilities of the computer and the 

performance of the graphics card, as well as the developed algorithms of the program, but in the future their 

number will increase to the real needs of the enterprise. An increase in the number of channels leads, first of 

all, to an increase in cost due to an increase in the length of fiber-optic control cables, but security issues are 

a priority. If there is a production need, the monitoring system can manage several thousand reference 

stations at the same time. The appearance of the window of the hardware and software complex is shown in 

Figure 4. 

Intellectual software based on machine learning algorithms was specially developed for the operation of 

fiber-optic sensors. The hardware-software complex can be multi-channel and can simultaneously work with 

several fiber-optic sensors, which can be remote from the data processing unit at a distance of up to ten km. 

The basis of the hardware-software complex is the use of OpenCV (Open Source Computer Vision Library) 

elements. The OpenCV version for Python programming language is used in this complex. The generation 

and display of graphs are carried out with the help of Matplotlib library in Python programming language. 

Matplotlib allows visualizing data using two-dimensional (2D) graphics, and also supports three-dimensional 

(3D) graphics. The interface of the software and hardware complex is implemented using the Tkinter library. 

The main window of the programmed, shown in Figure 4, contains the following functional elements: 1 is 

background start control block and stop button; 2 is camera settings block; 3 is activity monitoring block; 4 

is  status and signal indicators block, including motion registration function with time logging capability; 5 is 

button to save settings with «Apply» inscription [7,8]. 

 

 

 

 

 

Fig. 4. The appearance of the hardware and software complex 

 

The hardware-software complex has the ability to analyze various disturbances formed by external 

influences on the fiber-optic sensor. For this purpose, special algorithms have been developed that 

distinguish changes in the optical wave propagation parameters when the ambient temperature changes, as 

well as external vibration effects associated with the technological process [7]. The hardware-software 

complex is capable of evaluating the rate of change of the measured parameters and detecting false signals 

formed by various disturbances, as well as automatically perform calibration at startup. The rate of amplitude 

growth and frequency of influences at occurrence of interferences differs significantly from the parameters 

formed at real displacement of rocks that allows to perform machine learning for recognizing interferences 
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and real signals. Also, to combat interference hardware-software complex has a number of settings that allow 

you to deal with external interference, which ensures the reliability of its work and suitability for practical 

use. 
 

5. Conclusions  
 
Based on the principles of physical kinetics, statistical theory and continuum electrodynamics, an 

inhouse method was developed. In this work, in accordance with the developed experimental measurement 

scheme, the sensitivity of the photodetector is determined by the dynamic range of measurements, which 

includes such parameters as the power of the radiation source (laser), the number of measurement channels, 

optical power losses of the light pulse propagating along the optical fiber core, losses caused by each 

connector (connectors, optical fiber welding points), the optical length of the channel, the level of reflected 

power, micro bends of the optical fiber, and the micro bends of the optical fiber. The aim of this approach is 

to compare the calculated results with experiment to determine the effect of small deformations of the optical 

fiber fabricated sample on the strain sensor readings. 

In-house tests have shown that the control complex using a fiber-optic sensor has a sufficiently high 

accuracy and linearity of displacement measurement.  The control complex equipped with a fiber-optic 

sensor has a number of advantages over the existing observation reference stations, which do not have the 

ability to automate the process of controlling the displacement of rock faces and timely warn the working 

personnel of the danger. An important point is that the proposed control complex with the use of fiber-optic 

sensors is fully explosion-proof, as it uses optical fiber through which the light wave propagates. In addition, 

it can be noted that the design of the sensor itself is simple enough to ensure low cost of its manufacture and 

does not create problems with operation in the cold climate of Kazakhstan. The created control complex 

using a fiber-optic sensor can work simultaneously with four such sensors, but in the future their number will 

be increased up to 32 for one measuring module, which is quite enough for monitoring the mining zone at 

open-pit mines. 

The main objective of the project is to address production concerns linked to enhancing mining 

operations' safety. Utilizing fiber-optic monitoring systems enables real-time remote monitoring of quarry 

stability. Findings from laboratory experiments showcase that the developed fiber-optic sensor exhibits 

highly satisfactory linear characteristics and boasts low power consumption when compared to electrical 

measuring systems, even at distances ranging from to 30 km. The proposed technical solution is a new stage 

in the development of systems for monitoring the geotechnical condition of rocks in open pit mines. 
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