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Abstract 

Mining operations expose workers, machinery, and surrounding ecosystems to dynamic and often 

unpredictable conditions. Autonomous haulage vehicles, robotic inspection platforms, unmanned aerial 

systems, artificial intelligence, digital twins, and distributed environmental sensors offer new possibilities 

for reducing direct human exposure while improving operational awareness. However, automation does 

not automatically produce safer or more sustainable mining. Poorly designed autonomous systems can 

introduce collision risks, cybersecurity vulnerabilities, automation bias, inadequate emergency responses, 

and fragmented environmental accountability. This paper develops an integrated framework for 

autonomous mining in which robotics, artificial intelligence, occupational safety, and environmental 

monitoring function as one coordinated decision system.  

 A conceptual and simulation-based methodology compares four illustrative mining configurations: 

conventional operation, remote-assisted operation, autonomous fleet operation, and integrated autonomy 

with environmental intelligence. The configurations are evaluated through simulated composite indices 

for worker-safety protection, environmental observability, and operational continuity. The integrated 

configuration records the strongest simulated performance, with scores of 89, 88, and 83, respectively. 

Nevertheless, the analysis shows that technological capability must be accompanied by human oversight, 

fail-safe engineering, interoperable data architecture, cybersecurity controls, workforce transition, and 

transparent environmental governance. The paper proposes a staged implementation model beginning with 

operational mapping and controlled pilot deployment before progressing toward supervised autonomy and 

ecosystem-level optimization. Autonomous mining should therefore be understood not as the removal of 

people from mining but as the redesign of human, machine, and environmental relationships for safer and 

more accountable resource extraction. 

 

Keywords: autonomous mining, mining robotics, artificial intelligence, environmental monitoring, worker 

safety, autonomous haulage, predictive maintenance, sustainable resource extraction  

 

1. Introduction 

Mineral resources support construction, transportation, energy systems, electronics, communication 

infrastructure, and industrial manufacturing. At the same time, resource extraction involves significant 

occupational and environmental hazards. Workers may be exposed to unstable ground, dust, noise, 

vibration, extreme temperatures, toxic gases, explosives, heavy equipment, restricted visibility, and 
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vehicle interactions. Mining can also affect water quality, land stability, air quality, biodiversity, energy 

consumption, and surrounding communities. 

 Technological development is changing how these risks can be managed. Autonomous haulage 

systems can move materials without placing drivers inside hazardous operating zones. Robotic platforms 

can inspect underground passages, slopes, conveyors, and confined environments. Drones can survey large 

or inaccessible areas. Artificial intelligence can analyze sensor streams to identify equipment 

deterioration, collision risks, geological instability, and environmental anomalies. Distributed monitoring 

networks can measure dust, gases, vibration, noise, water quality, and ground movement in near real time. 

 Automation nevertheless changes risk rather than simply removing it. Autonomous equipment may 

interact unpredictably with manually operated machinery, contractors, maintenance personnel, wildlife, 

and changing terrain. Sensor degradation, communication failure, inaccurate localization, software 

defects, adversarial cyber activity, or inappropriate human intervention can create new hazards. Lynas and 

Horberry observed that mining automation raises important human-factor questions involving interface 

design, task allocation, situational awareness, and trust. 

 Environmental monitoring may also remain organizationally separated from production 

automation. A mine may possess sophisticated autonomous haulage while continuing to use periodic 

environmental sampling and delayed reporting. Such separation prevents environmental information from 

influencing production decisions when harmful conditions emerge. Integration is therefore essential: 

machines should not merely observe operational targets but should respond to defined safety and 

environmental boundaries. 

 The objective of this paper is to develop a coordinated framework for autonomous mining that 

connects robotics, artificial intelligence, human supervision, and environmental intelligence. Rather than 

presenting automation as a substitute for governance, the study treats it as a capability that must operate 

within enforceable safety, ecological, and accountability structures. 

 

2. Literature Review 

2.1 Robotics and Automation in Mining Operations 

Mining automation includes remote-controlled machinery, autonomous drilling, automated loading, 

driverless haulage, robotic inspection, drone-based surveying, and centralized operational control. 

Bellamy and Pravica explain that automation can change the exposure of personnel to mining hazards by 

relocating tasks away from dangerous operating zones. However, the effectiveness of this approach 

depends on equipment design, operational discipline, and the conditions under which workers continue 

interacting with automated systems. 

 Autonomous haulage is among the most visible mining applications. Vehicles use localization, 

perception, route planning, obstacle detection, fleet coordination, and control systems to transport 

materials. Automated drills can maintain repeatable patterns and collect geological or performance data 

during operation. Robotic inspection platforms can enter areas that are inaccessible because of heat, gas, 

structural instability, or post-blast conditions. 

Automation exists on a continuum. At one end, technology assists human operators through collision 

warnings, navigation support, fatigue detection, or proximity sensing. At the other end, equipment 

performs defined tasks without continuous manual control. Between these positions are supervised 
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systems in which operators monitor several machines and intervene when operating conditions exceed 

defined parameters. 

 ISO 17757 establishes safety requirements for autonomous and semi-autonomous earth-moving 

machinery. Its risk-based orientation is important because mining autonomy must address the complete 

operational system rather than only the individual machine. Safe operation depends on exclusion zones, 

communication, access control, emergency stopping, status indication, maintenance procedures, and 

interactions with personnel. 

 

2.2 Artificial Intelligence and Predictive Operational Control 

Artificial intelligence expands mining automation beyond programmed movement. Machine-learning 

models can analyze equipment vibration, temperature, pressure, fuel consumption, motor current, 

maintenance records, payload, road conditions, and operator interventions. These analyses may support 

predictive maintenance, route optimization, anomaly detection, energy management, and production 

planning. 

 Predictive maintenance is particularly relevant to safety because equipment failure can lead to 

collisions, fires, uncontrolled movement, or production interruptions. A model may identify patterns 

associated with component degradation before a conventional threshold is reached. Maintenance teams 

can then inspect or replace the component during a controlled service period. 

 Computer vision can support object detection, worker identification, material classification, 

fragmentation analysis, conveyor inspection, and personal protective equipment monitoring. Underground 

environments make visual perception difficult because of dust, poor illumination, moisture, irregular 

surfaces, and restricted field of view. Reliable systems consequently require multiple sensing modalities 

rather than dependence on a single camera. 

 AI-supported operational control must remain interpretable enough for responsible intervention. 

A high-performing model that cannot communicate the cause, confidence, and operational consequences 

of an alert may be unsuitable for safety-critical use. Human supervisors require meaningful indications of 

uncertainty, sensor quality, system limitations, and recommended actions. 

 

2.3 Environmental Intelligence and Responsible Extraction 

Environmental monitoring in mining traditionally combines field sampling, laboratory testing, surveys, 

regulatory inspection, and periodic reporting. These approaches remain important but may not provide the 

temporal coverage required to detect rapidly changing conditions. Wireless sensors, drones, satellite 

observations, automated sampling, and edge computing can strengthen environmental observability. 

 Real-time monitoring may include particulate matter, methane, carbon monoxide, temperature, 

humidity, vibration, noise, water pH, conductivity, turbidity, dissolved oxygen, slope displacement, 

tailings pressure, and vegetation change. When combined with meteorological, hydrological, production, 

and geological data, these measurements can support earlier identification of adverse trends. 

The Global Industry Standard on Tailings Management emphasizes governance, monitoring, disclosure, 

emergency preparedness, and accountability across the tailings-facility lifecycle. Autonomous sensing 

cannot replace these responsibilities, but it can improve the frequency and traceability of evidence used in 

decision-making. 
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 Environmental intelligence becomes operationally significant when defined thresholds influence 

mining activity. For example, a rising dust concentration could automatically reduce vehicle speed, alter 

routes, activate suppression systems, or temporarily restrict activity. Abnormal water-quality 

measurements could trigger confirmation sampling, isolate drainage paths, and notify responsible 

personnel. This closed-loop relationship connects environmental protection with production control. 

 

3. Research Objectives 

The study aims to construct an integrated conceptual framework for applying autonomous technologies to 

safer and environmentally accountable mining. It examines how robotics and AI can be coordinated with 

human supervision and continuous environmental monitoring rather than deployed as separate 

technological projects. 

The specific objectives are: 

• To identify the principal technological components of an integrated autonomous mining system.  

• To examine how robotics and artificial intelligence may reduce worker exposure while introducing 

new operational risks.  

• To integrate environmental monitoring into autonomous operational decision-making.  

• To compare the simulated performance of four mining-technology configurations.  

• To propose a staged adoption strategy addressing safety, cybersecurity, workforce capability, 

governance, and environmental accountability.  

The study addresses the following research question: 

How can mining organizations integrate autonomous machinery, artificial intelligence, and environmental 

monitoring to improve safety and operational continuity without weakening human accountability or 

ecological protection? 

 

4. Methodology 

4.1 Research Design and Scenario Construction 

The study adopts a conceptual and simulation-based design. No data were obtained from an operating 

mine, equipment manufacturer, worker population, or environmental monitoring program. The numerical 

values are illustrative and demonstrate a structured method for comparing possible technology 

configurations. 

 A hypothetical surface and underground mining enterprise was used as the analytical context. The 

modeled operation includes drilling, blasting, loading, haulage, crushing, stockpile management, 

equipment maintenance, water management, slope monitoring, underground inspection, and 

environmental reporting. 

Four configurations were constructed: 

• A conventional configuration dominated by manually operated equipment and periodic environmental 

assessment.  

• A remote-assisted configuration incorporating teleoperation, proximity detection, and limited 

centralized monitoring.  

• An autonomous-fleet configuration incorporating automated haulage, drilling, predictive maintenance, 

and machine coordination.  
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• An integrated configuration combining autonomous equipment with AI-enabled safety controls and 

continuous environmental intelligence.  

 

4.2 Analytical Dimensions 

Three composite dimensions were selected for the scenario comparison. 

Worker-safety protection represents the extent to which a configuration reduces direct exposure, prevents 

collisions, detects hazardous conditions, and supports controlled emergency intervention. 

Environmental observability represents the coverage, timeliness, reliability, and operational use of 

environmental information. 

 Operational continuity represents the ability to maintain predictable operation through condition 

monitoring, coordinated scheduling, equipment availability, and controlled recovery from disturbances. 

Each dimension was scored on an illustrative scale from 0 to 100. Higher values indicate stronger 

simulated performance. 

 

Table 1: Technology Integration and Organizational Maturity Index for Emerging Technology 

Systems 

Index 

range 

Interpretive 

category 
General meaning 

0–20 Minimal Controls are fragmented or predominantly reactive 

21–40 Basic Selected monitoring or automation capabilities exist 

41–60 Developing 
Formalized capabilities are present but incompletely 

integrated 

61–80 Advanced 
Coordinated and repeatable controls operate across major 

processes 

81–100 Integrated 
Safety, production, and environmental intelligence operate 

jointly 

 

4.3 Composite Assessment Procedure 

The simulated index for each performance dimension was constructed from four equally weighted 

criteria: 

CPId=4Dc+Rt+Io+Ga  

 

where: 

• CPId represents the composite performance index for dimension d;  

• Dc represents detection coverage;  

• Rt represents response timeliness;  

• Io represents operational integration; and  

• Ga represents governance and assurance.  
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The values were assigned logically to represent increasing technological and organizational integration. 

They are not predictions of actual injury reduction, environmental improvement, or production 

performance. Real implementation would require validated operational data, documented assumptions, 

uncertainty analysis, and independent safety review. 

 

5. Analysis and Results 

The simulated results show progressive improvement across the four mining configurations. The 

conventional configuration records scores of 52 for worker-safety protection, 38 for environmental 

observability, and 44 for operational continuity. Its safety score is higher than its environmental score 

because established procedures, personal protective equipment, operator training, and conventional 

engineering controls may provide meaningful protection even without extensive automation. 

 Remote-assisted operation increases the simulated scores to 68, 55, and 61. Teleoperation reduces 

direct exposure during selected tasks, while proximity systems and centralized monitoring strengthen 

operational awareness. Environmental observability remains comparatively limited because monitoring is 

not yet fully integrated with equipment-control decisions. 

 The autonomous fleet configuration records scores of 81 for safety, 69 for environmental 

observability, and 76 for continuity. The largest improvement concerns worker protection because 

autonomous equipment can reduce routine human presence in vehicle operating zones. The environmental 

score increases more gradually because equipment automation alone does not guarantee ecosystem-level 

monitoring. 

 

Table 2: Comparative Performance of Mining Configurations for Worker Safety, Environmental 

Intelligence, and Operational Continuity 

Mining configuration 
Worker-safety 

protection 

Environmental 

observability 

Operational 

continuity 

Conventional operation 52 38 44 

Remote-assisted operation 68 55 61 

Autonomous fleet 81 69 76 

Integrated autonomy and 

environmental intelligence 
89 88 83 
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Graph 1: Illustrative Performance of Autonomous Mining Configurations 

 
Supporting data: Conventional operation—52, 38, and 44; remote-assisted operation—68, 55, and 61; 

autonomous fleet—81, 69, and 76; integrated autonomy and environmental intelligence—89, 88, and 83. 

Interpretation: The graph indicates that increasing automation is associated with stronger simulated 

safety and continuity performance. Environmental performance improves most substantially when sensor 

networks and environmental decision rules become directly integrated with autonomous operations. 

Key finding: Autonomous equipment produces the most balanced simulated outcome when safety, 

environmental monitoring, human oversight, and operational control are treated as interconnected 

functions. 

 The integrated configuration produces the strongest overall results, scoring 89 for worker 

protection, 88 for environmental observability, and 83 for continuity. Environmental performance 

approaches the safety score because ecosystem monitoring is connected directly to machine behavior, 

operational planning, and accountable decision-making. 

 

6. Challenges and Limitations 

Mining environments are difficult for autonomous systems because terrain, visibility, weather, dust, 

vibration, lighting, geological conditions, and traffic patterns change continuously. Sensor performance 

may deteriorate through contamination, physical damage, calibration drift, or communication interruption. 

A system that performs adequately in a controlled trial may behave differently during blasting, heavy rain, 

dense dust, unusual traffic, or emergency maintenance. 

 Autonomy also creates interaction risks. Workers may enter automated operating zones to inspect 

or repair equipment. Contractors may be unfamiliar with machine behavior. Human operators may place 

excessive trust in warnings or misunderstand the limits of an autonomous function. Safe deployment 

therefore requires physical separation where possible, authenticated access, clear machine-status 

indications, reliable emergency stopping, and procedures for unusual operating conditions. 

 Cybersecurity is an essential safety consideration. Autonomous fleets depend on software, 

positioning, wireless communication, remote access, data platforms, and centralized control. 
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Unauthorized commands, altered sensor data, unavailable networks, or compromised maintenance 

systems could affect physical operations. Security architecture should include network segmentation, 

identity management, signed software, controlled updates, event monitoring, backup communication, and 

manual recovery capability. 

 Employment and workforce concerns must also be addressed. Automation may reduce some 

hazardous tasks while increasing demand for technicians, control-room operators, data engineers, safety 

specialists, and maintenance personnel. Organizations should provide retraining and meaningful worker 

participation. Excluding experienced workers from system design may remove valuable knowledge about 

abnormal conditions and practical hazards. 

 Environmental monitoring presents challenges relating to data quality and accountability. A large 

volume of sensor information does not necessarily provide reliable environmental protection. Sensors 

require calibration, maintenance, validation, contextual interpretation, and documented response 

procedures. Organizations must also avoid using automated monitoring as a substitute for independent 

inspection, community engagement, or regulatory accountability. 

 The study is limited by its conceptual and simulated design. The scores are not derived from a real 

mine, and the model does not estimate injury frequency, ecological impact, financial return, or production 

volume. The equal weighting of assessment criteria is illustrative. Real applications should apply location-

specific weighting, uncertainty ranges, sensitivity analysis, and validated operational evidence. 

 

7. Discussion 

7.1 Redesigning Safety Through Human–Machine Coordination 

The simulated analysis indicates that autonomous mining can strengthen worker protection primarily by 

reducing routine exposure to hazardous operating areas. This benefit is particularly relevant to repetitive 

haulage, unstable environments, post-blast inspection, confined spaces, and locations affected by gas, dust, 

heat, or ground instability. Robots can absorb exposure, but they cannot assume organizational 

accountability. 

 Human supervision remains necessary because mining environments contain conditions that may 

not be represented adequately in training data or operating rules. Supervisors need sufficient information 

to understand machine state, sensor confidence, route changes, abnormal events, and the consequences of 

intervention. Effective control interfaces should support situational awareness rather than simply display 

large volumes of technical information. 

 System designers must also prevent ambiguous transfers of control. A human operator should 

know precisely when automation is active, when intervention is required, and which person has authority. 

Maintenance and recovery procedures deserve the same attention as normal production because workers 

may face the greatest risk when entering an autonomous zone after a malfunction. 

 

7.2 Environmental Monitoring as an Operational Control Layer 

Environmental monitoring is often treated as a reporting function positioned outside production control. 

The results suggest that this separation limits the value of autonomous mining. When environmental data 

are integrated with fleet management and production planning, monitoring can influence decisions before 

environmental harm becomes extensive. 
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 An integrated system could combine dust sensors, weather data, vehicle activity, road conditions, 

and community-receptor locations to adjust haulage routes or speed. Water-quality measurements could 

be interpreted alongside rainfall, pumping, processing activity, and drainage conditions. Slope-monitoring 

data could influence equipment access and worker exclusion zones. These examples show that 

environmental intelligence is most valuable when it produces controlled and auditable operational 

responses. 

 Automated intervention must nevertheless operate within approved limits. Environmental models 

may generate false alerts or overlook events when sensors fail. High-consequence decisions should include 

human authorization, redundant evidence, and clear escalation pathways. Automated actions should be 

logged so that regulators, auditors, and affected stakeholders can examine what the system detected and 

how the organization responded. 

 

7.3 Governance of Intelligent Mining Ecosystems 

An autonomous mine is a connected sociotechnical system rather than a collection of independent 

machines. Its safety depends on equipment manufacturers, software developers, communication providers, 

mine planners, operators, maintenance personnel, environmental specialists, contractors, and regulators. 

Governance must define responsibility across these participants. 

 Before deployment, the organization should develop a documented safety and environmental case 

describing system boundaries, foreseeable hazards, assumptions, controls, validation evidence, 

cybersecurity requirements, emergency procedures, and residual risks. Changes to software, models, 

sensors, or operating areas should undergo controlled review because they may alter the validity of earlier 

assurance. 

 Performance reporting should combine leading and lagging indicators. Injury statistics and 

environmental exceedances remain important, but they reveal problems after occurrence. Leading 

indicators may include sensor availability, emergency-stop tests, unauthorized zone entries, near misses, 

communication losses, model-confidence failures, deferred maintenance, environmental response times, 

and unresolved control exceptions. 

 

8. Conclusion 

Autonomous mining technologies can reduce human exposure, improve equipment coordination, and 

strengthen environmental awareness. Their value does not result from automation alone. It emerges from 

the integration of robotics, reliable sensing, AI-supported analysis, human supervision, environmental 

decision rules, and accountable governance. 

 The simulation showed that an autonomous fleet may produce substantial safety and continuity 

benefits while environmental observability remains comparatively underdeveloped. The strongest and 

most balanced simulated outcome occurred when environmental intelligence was incorporated directly 

into autonomous operational control. This finding emphasizes that sustainable mining requires more than 

efficient machinery. 

 Autonomous deployment should proceed through operational mapping, bounded pilot testing, 

supervised scaling, environmental integration, and continuous assurance. Each stage should include 

worker participation, system validation, cybersecurity testing, emergency recovery, and independent 
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review. Organizations should retain meaningful human authority, particularly when conditions fall outside 

validated operating boundaries. 

 The central implication is that autonomous mining should not be framed simply as labor 

substitution or production optimization. It should be designed as a safety- and environment-centered 

transformation of resource extraction. When implemented with transparency, technical discipline, and 

responsible governance, autonomous technologies can support mining systems that are safer for workers, 

more observable environmentally, and more resilient operationally. 

 

References 

1. Ali, D., & Frimpong, S. (2020). Artificial intelligence, machine learning and process automation: 

Existing knowledge frontier and way forward for mining sector. Artificial Intelligence Review, 53, 

6025–6042.  https://doi.org/10.1007/s10462-020-09841-6 

2. Azhari, F., Sennersten, C. C., Lindley, C. A., & Sellers, E. (2023). Deep learning implementations in 

mining applications: A compact critical review. Artificial Intelligence Review, 56, 14367–14402.  

3. Gaber, T., El Jazouli, Y., Eldesouky, E., & Ali, A. (2021). Autonomous haulage systems in the mining 

industry: Cybersecurity, communication and safety issues and challenges. Electronics, 10(11), 1357. 

https://doi.org/10.3390/electronics10111357  

4. Long, M., Schafrik, S., Kolapo, P., Agioutantis, Z., & Sottile, J. (2024). Equipment and operations 

automation in mining: A review. Machines, 12(10), 713.  https://doi.org/10.3390/machines12100713 

5. Noriega, R., & Pourrahimian, Y. (2022). A systematic review of artificial intelligence and data-driven 

approaches in strategic open-pit mine planning. Resources Policy, 77, 102727. 

https://doi.org/10.1016/j.resourpol.2022.102727  

6. Li, S., Zhang, Y., Wang, X., & Chen, H. (2022). A review of intelligent unmanned mining: Current 

situation and development trend. Energies, 15(2), 513.  https://doi.org/10.3390/en15020513 

7. Wang, J., Zhang, Y., Li, X., & Zhao, Z. (2022). Research status and development trend of underground 

intelligent load-haul-dump vehicles—A comprehensive review. Applied Sciences, 12(18), 9290. 

https://doi.org/10.3390/app12189290  

8. Muduli, L., Mishra, D. P., & Jana, P. K. (2018). Application of wireless sensor network for 

environmental monitoring in underground coal mines: A systematic review. Journal of Network and 

Computer Applications, 106, 48–67. https://doi.org/10.1016/j.jnca.2017.12.022  

9. Kaur, H., & Gupta, S. (2015). Wireless communication and environment monitoring in underground 

coal mines—Review. IETE Technical Review, 32(2), 93–101. 

https://doi.org/10.1080/02564602.2014.995142  

10. Lee, S., Park, Y., Lee, H., & Kim, J. (2018). Review of environmental monitoring and communication 

system in underground mines using wireless sensor network. Tunnel and Underground Space, 28(3), 

209–231. https://doi.org/10.7474/TUS.2018.28.3.209  

11. Zeng, Q., Zhang, Y., Wang, C., & Li, X. (2022). Applications of wireless sensor networks to improve 

occupational safety and health in underground mines. Journal of Safety Research, 83, 8–25. 

https://doi.org/10.1016/j.jsr.2022.07.016  

12. Sammarco, J. J., Padock, R., Fries, E. F., & Karra, V. K. (2007). A technology review of smart sensors 

with wireless networks for applications in hazardous work environments (NIOSH Information 

Circular 9496). National Institute for Occupational Safety and Health.  

http://www.ijetd.com/
https://doi.org/10.1007/s10462-020-09841-6?utm_source=chatgpt.com
https://doi.org/10.3390/machines12100713
https://doi.org/10.3390/en15020513


 

International Journal of Engineering & Tech Development 
 

Volume 2, Issue 9 – September 2026   ●   E-ISSN: 3067-672X P-ISSN: 3067-669X 

 

IJETD Website: www.ijetd.com Email: editor@ijetd.com 24 

 

13. Almasi, A. M., et al. (2022). Innovation designs of Industry 4.0 based solid waste management: 

Machinery and digital circular economy. Environmental Research, 213, 113619.  

14. Gomez-Flores, A., Ilyas, S., Heyes, G. W., & Kim, H. (2022). A critical review of artificial 

intelligence in mineral concentration. Minerals Engineering, 189, 107884.  

https://doi.org/10.1016/j.mineng.2022.107884 

15. Eriksson, M., Johansson, J., & Lööw, J. (2019). Mining 4.0—The impact of new technology from a 

workplace perspective. Mining, Metallurgy & Exploration, 36, 653–663.  

16. Lund, E., Johansson, J., & Lööw, J. (2024). The designers’ perspective on autonomous mining 

systems and sociotechnology. Mining, Metallurgy & Exploration, 41, 647–657.  

https://doi.org/10.1007/s42461-024-00952-0 

17. Hyder, Z., Siau, K. L., & Nah, F. F.-H. (2022). Artificial intelligence, machine learning, and 

autonomous technologies in mining industry. In Research anthology on cross-disciplinary designs and 

applications of automation (pp. 478–492). IGI Global. https://doi.org/10.4018/978-1-6684-3694-

3.ch024  

18. Ghosh, R. (2022). Applications, promises and challenges of artificial intelligence in mining industry: 

A review. TechRxiv. https://doi.org/10.36227/techrxiv.21493761.v1  

19. Dohare, N., & others. (2015). Wireless sensor network-based monitoring and communication 

technologies for underground mining environments. International Journal of Mining Science and 

Technology.  

20. Muduli, L., Mishra, D. P., & Jana, P. K. (2018). Recent advancements in IoT implementation for 

environmental, safety, and production monitoring in underground mines. IEEE Internet of Things 

Journal. 

http://www.ijetd.com/
https://doi.org/10.1016/j.mineng.2022.107884
https://doi.org/10.1007/s42461-024-00952-0

