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companies due to its unique capabilities in transforming mining operations.
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personal protective equipment (PPE), controlling access and worker safety,
managing materials and the supply chain, monitoring environmental
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1 .Introduction

The mineral sector is one of the oldest and most essential industries worldwide, with a significant impact
on the global economy. It provides the raw materials for various sectors, from construction to energy
production. Despite its economic importance, mining remains an inherently risky business, with workers
exposed to numerous hazards. Among the different types of mining, underground coal mining is particularly
dangerous due to the frequent and severe accidents that occur in these environments. These accidents range
from roof collapses to gas explosions, which can have catastrophic consequences for both human life and
the environment [1-5].

In the event of such an accident, the ability to quickly determine the exact location of personnel trapped
underground is critical. The timely dispatch of rescue teams can be the difference between life and death,
significantly reducing the number of fatalities or serious injuries. By pinpointing the location of miners and
other personnel, rescue operations can be conducted more efficiently and effectively, reducing the time
spent searching and increasing the chances of successful rescue efforts [6,7].

Moreover, knowing the location and number of essential equipment at risk can greatly enhance the
effectiveness of rescue operations. If rescuers are aware of the equipment's location, they can prioritize their
actions and work with more precision, potentially preventing further damage to the equipment and
improving the chances of recovery. This not only saves valuable resources but also helps minimize
operational downtime, which can be costly for mining operations [8-10].

In underground mining, the working environment itself is hazardous. Fluctuations in temperature,
humidity, and atmospheric pressure are common, and these factors can significantly impact the safety and
health of workers. Heat stress, for example, is a major concern in underground mines, especially in regions
where ventilation is inadequate. If miners are exposed to high temperatures for extended periods, it can lead
to heat exhaustion, dehydration, or even heat stroke, all of which pose serious health risks. Therefore,
continuously monitoring environmental conditions and ensuring that they remain within safe limits is
essential for worker safety. When environmental parameters are regularly tracked and analyzed, potential
risks can be identified early, allowing for timely intervention and the reduction of heat-related illnesses [10-
13].

In addition to environmental hazards, underground mines also pose significant risks due to the presence
of toxic and flammable gases. Methane, for example, is highly explosive and can lead to devastating
explosions if not properly monitored. Carbon dioxide, while not as flammable, can displace oxygen in
confined spaces, leading to asphyxiation risks. Thus, continuous gas monitoring is crucial for preventing
such incidents. If these gases are detected in real time, rescue teams can be alerted immediately, enabling
them to take quick action to mitigate the risks, such as ventilating the area or evacuating workers [14, 15].

Tracking and managing the ore extracted from underground mines is another key challenge in modern
mining operations. Efficient ore management improves productivity and minimizes waste, which ultimately
contributes to the profitability of mining companies. The extraction, transportation, and storage of ore can
be optimized with greater precision if the ore can be accurately tracked throughout the process. By knowing
the exact number of ore being mined, transported, and processed, mining companies can better allocate
resources, reduce losses, and improve overall operational efficiency [16, 17].

Furthermore, the management of mining explosives such as boosters and detonators plays a crucial role
in safety. Explosives are necessary for breaking rock and extracting minerals, but their misuse or
mismanagement can lead to accidents. Misfired explosives can remain a dangerous threat long after a blast,
and in the event of a fire, unaccounted explosives can exacerbate the situation. By implementing tracking
systems for explosives, inventory can be more effectively managed, and any potential safety concerns can
be addressed more quickly [18].

To achieve the objectives outlined above, technologies like RFID (Radio Frequency Identification) have
proven to be highly effective. RFID allows for the real-time tracking of equipment, personnel, ore, and
explosives, providing critical data that can be used to enhance safety, optimize operations, and improve
overall efficiency. In the context of underground mining, RFID can be employed to track personnel’s
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movements, monitor the condition of equipment, and ensure that safety standards are met in real time. By
integrating RFID technology with other monitoring systems, mining operations can be made safer, more
efficient, and more resilient in the face of the many risks they face. In conclusion, the integration of
advanced tracking and monitoring technologies, particularly RFID, holds great promise in improving the
safety, efficiency, and management of underground mining operations. By addressing environmental
hazards, tracking personnel and equipment, and managing dangerous materials such as explosives and gas,
mining companies can significantly reduce the risks faced by workers and optimize their operations [18].

2. Research background

Jin et al. in 2011 introduced a system for monitoring and tracking underground mine locomotives. This
system used low-power RFID technology. The truck positioning post collects real-time data from the
electronic tag. This data is transmitted via Wi-Fi to the mine's latest wireless communication post and then
sent to the ground central station through an industrial Ethernet network [19].

In 2011, Tian et al. introduced the RFID method for determining the location of miners in underground
mines. With this system, in the event of an accident, personnel can be located at the fastest speed, thereby
minimizing casualties. The system utilizes advanced RF technology. They stated that if combined with
existing mine communication systems, this system could work effectively and cost-efficiently [20].

Sunderman et al. discussed underground coal miner electronic tracking technologies in 2012 and stated
that emerging technologies such as Non-Functional Requirements (UWB), Non-Functional Requirements
(NFR), reverse RFID, and Near Field Communication (NFC) promise to reduce costs and increase
positional accuracy. Additionally, reverse RFID requires fewer infrastructure elements underground, which
could enhance the system's survivability [21].

Niu et al. in 2013 used a new intelligent computer management system based on RFID technology and
the wired communication network, which improved traditional methods of tracking and safety management
in coal mines [22].

In 2013, Liu et al. proposed an adaptive anti-collision algorithm using a binary tree search algorithm
along with improvements to prevent signal collisions when sending two or more RFID tags with detectable
signals to the reader in the underground coal mine personnel tracking system. In terms of time and space,
the algorithm showed significant advantages over the binary tree search algorithm, greatly reducing the
probability of collision and potentially solving the collision issue effectively [23].

In 2015, Xu et al. proposed an improved safety management system based on iris recognition and RFID
technology. This system combines several modern identification and communication methods, including
iris recognition, RFID, computer networks, and database techniques. The iris recognition technology is
used to identify miners based on the unique physiological features of their irises, while RFID is employed
for real-time tracking of underground miners. Practical results show that the improved safety management
system can accurately and promptly count the number of underground miners and provide reliable and
useful information for daily management and emergency rescue. The enhanced system demonstrates high
reliability, accuracy, and security [24].

In 2015, Xu et al. proposed an improved safety management system based on iris recognition and RFID
technology. This system combines several modern identification and communication methods, including
iris recognition, RFID, computer networks, and database techniques. Iris recognition technology is used to
identify miners based on the unique physiological features of their irises, while RFID is employed for real-
time tracking of underground miners. Practical results show that the improved safety management system
can accurately and promptly count the number of underground miners and provide reliable and useful
information for daily management and emergency rescue. The enhanced system demonstrates high
reliability, accuracy, and security. The integrated system diagram used for early warning with the Internet
of Things in coal mines is shown in Fig. 1 [24].
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Fig. 1. Internet of Things and RFID-based Early Warning Safety in Coal Mines [24].
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Cudjoe et al. in 2022 improved RFID technology, which had been used for tracking ore and assets in the
mining industry. They stated that this technology could also be applied in proximity detection safety
systems to alert miners about moving and stationary equipment within their operational area. In South
African mines, this technology is known as the Mineral Tracking System. The use of RFID technology for
tracking ore fragments throughout the extraction process, as implemented by JKMRC in 2008, is shown in
Fig. 2. In the image, each number represents a unit or mineral block identified during Blasting and Loading.
These blocks may contain either ore or waste material. The green blocks (1, 2, 3, 4, 5, 6) are blocks
identified as waste. The white blocks (7 to 18) are blocks that may contain valuable minerals or ore. RFID
or similar tracking systems record data related to the quality and type of material (ore or waste) from the
extracted blocks. The materials are then directed to one of two pathways: Waste Dump for waste and
Processing Plant Feed for valuable minerals. Numbers 1, 2, 3, 4, 5, 7: Indicate blocks detected by RFID
and sent to the waste dump. "Not Detected" represents waste materials that RFID could not accurately
identify. Numbers 6 to 18 represent blocks that, after identification, were sent to the plant. Block number
6, during transportation to the plant, was analyzed for its quality and quantity and recorded in a time-
stamped manner (t1, t2). The values t1, t2 represent the times when RFID or sensors assessed the quality
and quantity of the materials. The values M15, al5, and M 18, al 8 represent parameters related to the quality
and quantity of the materials (e.g., mineral grade, weight, or ore content) [25].
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Fig. 2. Tracking of ore parcels from origin to destination [25].

In 2023, Zohra et al. introduced a unique technique for detecting conveyor belt cracks based on input
features using a UHF? RFID scanner. Their model quickly and accurately obtained belt damage information,
as the RSSI® of the UHF RFID tag sensor was used as the model’s input. The detection process was more
efficient because, unlike other image-based methods requiring visible light sources, infrared sources, or
laser equipment, it did not require additional equipment. This model was able to detect cracks with an
accuracy of 97.2%. Additionally, it accurately identified the crack direction 93.9% of the time and
determined whether the crack width was half a millimeter with 97% accuracy. The model's robustness was
also tested using extracted features during movement. A high detection accuracy of over 99.4% not only
effectively managed complex interference from movement but also demonstrated good real-time reliability.
Fig. 3 shows the RFID components used for detecting conveyor belt deviation [18].
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Fig. 3. Tracking of ore parcels from origin to destination [18].

In 2023, Rajkumar et al. introduced a system that comprehensively monitors the mine environment
(temperature, humidity, air pressure, altitude, and hazardous gases) as well as individual miners' health
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metrics (such as pulse rate). Their system utilized RFID technology along with gas and temperature sensors.
They reported that this system could establish a robust safety network that accelerates rescue operations.
Additionally, in the event of an alert, the system notifies the ground control room, contributing to a safer
mining environment. The RFID and sensor circuit used is shown in Fig. 4 [26].
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Fig. 4. Circuit diagram of (a) Sensor Unit (b) RFID Unit [26].

3. Radio Frequency Identification Technique
Radio Frequency Identification (RFID) is a data collection technology that uses electronic tags to store
identification data and a wireless transmitter or reader to receive this data. An antenna is also included to
convert RFID signals into RF waves so that these signals can be received by the tag. The principles of the
system are shown in Fig. 5. The technology for automated wireless data collection has a long historical
background and uses electromagnetic or electrostatic coupling in the radio wave portion of the
electromagnetic spectrum to uniquely identify an object [27].
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Fig. 5. Principles of the RFID System [27].
3.1. Principle

Most RFID systems operate based on the principle of inductive coupling. Each moving charge is
associated with a magnetic field. The intensity of the magnetic field can be determined experimentally
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through the forces it exerts on a magnetic needle (compass) or a secondary electric current [28]. The
magnitude of the magnetic field is described by the magnetic field strength (H) regardless of the material
properties in space. Generally, it can be said that the contour integral of the magnetic field strength along a
closed curve equals the sum of the electric current intensities (I) within it, as given by equation (1) [29].

ZIszH.ds M

This formula can be used to calculate the magnetic field strength H for various types of conductors,
ds represents the vector of the infinitesimal length element of the closed path around which the magnetic
field H is calculated. For a straight conductor, the magnetic field strength H along a circular flux line at a
fixed distance r is expressed by equation (2) [31].

1
= 2
" 2nr (@)
3.2. RFID Tags

An RFID tag is a device that can be attached to or embedded within equipment or a miner to enable
identification and tracking using radio waves. Most tags consist of at least two parts: the first part is an
integrated circuit used for information storage and processing, modulation and demodulation of RF signals,
and other specialized functions. The second part is an antenna for receiving and transmitting signals. To
establish communication, tags respond to signals from the interrogator without causing interference with
receivers, as incoming signals might be very weak and need to be separated from each other. RFID tags are
available in three general types: passive, active, and semi-active [31].

Passive Type: Passive tags do not require an internal power source, making them entirely passive devices
[32]. The very small electric current generated by the incoming RF signal in the tag's antenna provides just
enough power to activate the integrated circuit (CMOS) within the tag and send a response. Most passive
tags transmit the signal by reflecting the carrier wave from the reader. This means the antenna must be
designed to both capture energy from the incoming signal and send the outgoing reflected signal. Passive
tags have practical reading ranges from about 11 centimeters in the near field to approximately 10 meters
in the far field, and when combined with phased array technology, can reach up to 183 meters. Generally,
reading and writing depend on the selected RF frequency, as well as the antenna design and size [31].

Active Type: Active RFID tags have an internal power source to power the integrated circuits and
transmit a response signal to the reader. Communication from active tags to readers is usually far more
reliable than passive tags, as active tags can establish a "session" with the reader. Due to the internal power
source, active tags can also transmit at higher power levels compared to passive tags, making them more
resilient in "RF-challenging" environments, such as humidity and temperature variations, or when objects
are present that attenuate the RF signal. In turn, active tags are usually larger (due to the battery size) and
more costly to produce due to the internal power source. Many active tags today have an operational range
of hundreds of meters and battery life ranging from a few months to 10 years. Active tags may have larger
memory capacities than passive tags and can store additional information received from the reader. Certain
active RFID tags may include specialized sensors. For instance, a temperature sensor can record
temperature variations in a mining environment. Other sensors used include those for humidity, vibration,
light, radiation, pressure, and gas concentration [32].

Semi-Active Type: Semi-active tags are similar to active tags in that they have an internal power source,
but the battery only powers the microchip and is not used to broadcast the signal. The response is typically
generated by reflecting RF energy from the reader, similar to passive tags, as the energy is reflected to the
reader. An additional application of the battery is to power data storage. Semi-active tags offer three main
advantages: 1) greater sensitivity compared to passive tags, 2) longer battery life compared to active tags,
and 3) active performance under their own power, even when no reader is present to power the circuit. If
energy is gathered and stored from the reader to respond later, the tag operates actively [35].
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3.3. The Role of the Reader, Antenna, and Software in an RFID System

Reader: A reader is a device that can read data from RFID tags and respond to them without physical
contact [36]. The communication between the reader and the tag allows the local information of an item to
be recorded and transmitted to a server via a computer network, thus enabling the tracking and tracing of
item movements.

Antennas: Antennas act as channels for data interaction between the reader and the tag. They have a
reading range both beside and in front of the antenna. The location and design of the antenna are critical in
controlling the coverage area, efficiency, and accuracy of communication between the tags [36].

Computer with Software: A computer with software is required to manage and control the RFID
equipment, filter data, and integrate with enterprise applications [36].

4. Underground Personnel Localization System and the Probability of Simultaneous RFID Tag Signal
Collisions

For localization, each miner must have an RFID tag that periodically transmits wireless signals with a
unique identification number. Simultaneously, at fixed intervals, readers are positioned to receive the
signals emitted from the RFID tag and then add their location before sending this information to the
monitoring center via a wired communication network. The structure of an underground personnel tracking
system is shown in Fig. 6. The surface computer sends the data to the server and locates the personnel using
management software, as illustrated in Fig. 7 [37].
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Fig. 6. Underground Personnel Localization System [37].
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Fig. 7. Locating a Miner’s Position Using RFID Technology [37].
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Several miners may move within an area where a reader is present. Therefore, the reader needs to be
able to identify tags within a limited time frame. When two or more tags transmit wireless signals
simultaneously, the reader may not always distinguish between the combined signals from the tags, which
is the issue of simultaneous tag collision in personnel tracking systems [38]. To resolve this issue, RFID
tags typically employ a Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) technique to
reduce collisions. In this strategy, before transmitting, the tag "listens" to the channel to determine whether
it is idle. If the channel is free, the tag sends the data immediately; otherwise, it waits and retransmits after
a predefined delay. The retransmission rule follows CSMA/CA: if the channel is busy, the tag must wait
again. Due to existing constraints, the maximum backoff time for the tags must be defined. The schematic
of the tag's operation is shown in Fig. 8 [38].
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Fig. 8. Tag Operation Diagram for Collision Prevention [38].

5. Applications of RFID Technology in Mining

In mining operations, efficiency, safety, and productivity are of paramount importance. Radio Frequency
Identification (RFID) technology has emerged as a transformative tool that significantly enhances these
aspects. By leveraging RFID, mining companies can streamline operations, improve worker safety, and
optimize resource management. This article explores how RFID technology is applied in the mining
industry, focusing on its diverse functionalities and benefits.

One of the critical applications of RFID in mining is its ability to improve worker safety. RFID systems
can accurately track the movement of personnel entering or exiting the mine. This capability is especially
valuable in underground mining operations, where the environment can be unpredictable and hazardous.
Knowing the exact location of every worker in real-time allows mine operators to respond quickly to
emergencies, reducing risks and saving lives.

RFID also enables the monitoring of personnel in hazardous areas. By equipping workers with RFID
tags, the system can detect their presence in restricted or dangerous zones and send immediate alerts. These
warnings help prevent accidents, such as exposure to toxic gases, falls, or equipment-related incidents.
Additionally, RFID-based tracking can ensure compliance with safety protocols, such as wearing
appropriate protective gear or adhering to designated work zones.

In addition to personnel monitoring, RFID technology plays a crucial role in tracking vehicles and
machinery within mining operations. Mines often cover large and complex areas, making it challenging to
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manage the movement of vehicles and equipment. RFID tags installed on vehicles allow for real-time
tracking as they enter or exit production units, pass through checkpoints, or move to specific locations
within the mine.

This level of visibility helps operators ensure that vehicles are being used efficiently and reduces
instances of unauthorized or unintended use. It also aids in coordinating the movement of multiple vehicles,
minimizing delays, and improving productivity. For instance, RFID can be used to manage the timing and
routing of haul trucks, ensuring that they operate smoothly and avoid congestion at loading or dumping
points.

RFID technology is invaluable for tracking critical materials such as explosives and ore. Mines often
deal with large quantities of valuable resources, and efficient management of these materials is essential to
avoid losses or inefficiencies. RFID tags attached to ore containers can provide detailed information about
the type, weight, and destination of the material, enabling seamless inventory management.

For explosives, which require strict handling and monitoring, RFID systems offer an added layer of
security. By tracking the storage, movement, and usage of explosives, mines can ensure compliance with
safety regulations and prevent unauthorized access. This level of control is particularly important in
preventing accidents or potential misuse of hazardous materials.

In underground mining operations, environmental monitoring is critical to ensure the safety and well-
being of workers. RFID technology can be integrated with sensors to track various environmental
conditions, such as the presence of harmful gases, temperature, humidity, and ventilation status. These
RFID-enabled sensors provide real-time data, allowing mine operators to take immediate action if
dangerous levels of gases like methane or carbon monoxide are detected.

By continuously monitoring environmental conditions, RFID systems help create a safer workplace and
reduce the likelihood of incidents caused by poor air quality or inadequate ventilation. This proactive
approach not only protects workers but also ensures compliance with environmental and safety standards.

Another significant benefit of RFID technology is its ability to facilitate maintenance planning and asset
management. Mining equipment is subject to intense wear and tear due to harsh operating conditions.
Regular maintenance is essential to prevent unexpected breakdowns and costly downtime.

RFID tags attached to equipment can store information about maintenance schedules, usage history, and
performance metrics. This data allows mine operators to track the condition of their assets and plan
maintenance activities proactively. For instance, if an RFID-enabled system detects that a piece of
machinery has exceeded its operational limits or is due for maintenance, it can automatically generate alerts
or schedule repairs.

This approach reduces unplanned downtime and extends the lifespan of equipment, leading to significant
cost savings over time. Furthermore, RFID-based asset tracking helps prevent loss or misplacement of tools
and equipment, ensuring that resources are readily available when needed.

The applications of RFID in mining extend beyond safety and asset management. RFID technology can
also improve overall operational efficiency by providing real-time visibility and data-driven insights. For
example, RFID systems can be used to monitor the flow of materials and optimize logistics, ensuring that
resources are transported to the right locations at the right time.

Additionally, RFID enables seamless integration with other technologies, such as Geographic
Information Systems (GIS) and Internet of Things (IoT) devices. This integration creates a comprehensive
digital ecosystem that supports data-driven decision-making and enhances the overall effectiveness of
mining operations. It is noteworthy that other RFID applications operate similarly to personnel localization,
providing efficient tracking and management across various aspects of mining operations.

6. Challenges of Implementing RFID Technology in Iranian Mines

The sulfidic ore from Chah-Zard, with less than 20% dissolution recovery in direct cyanidation, is Harsh
Environmental Conditions: Mines typically have high levels of dust, humidity, extreme temperatures, and
constant vibrations, which can affect the performance of RFID equipment (e.g., tags and readers).
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Radio Wave Limitations: Electromagnetic noise from heavy machinery and electrical equipment can
interfere with RFID signals.

Infrastructure Issues: Lack of adequate radio and internet network coverage in some underground or
remote mines limits the functionality of RFID technology.

Short Equipment Lifespan: RFID equipment in mining environments may wear out faster due to harsh
physical conditions, requiring frequent repairs and replacements.

High Initial Costs: Implementing RFID technology involves significant upfront investment, including
purchasing equipment (tags, antennas, readers, and software) and installation costs.

Maintenance Costs: Maintaining RFID equipment in mining environments can be expensive and impose
additional financial burdens on companies.

Limited Financial Resources: Many small and medium-sized mines in Iran lack the budget to implement
advanced technologies like RFID.

Lack of Technical Expertise: The absence of specialized personnel for designing, installing, and
maintaining RFID systems creates challenges in implementing this technology.

Employee Resistance: Some mining workers resist adopting and using RFID technology due to
unfamiliarity with new technologies and reliance on traditional methods.

Managerial Awareness: Limited awareness among managers about the benefits of RFID and its
applications in optimizing mining operations reduces their willingness to invest in the technology.

Lack of Government Support: The absence of supportive policies or financial incentives from the
government for developing RFID technology in mining poses a significant barrier to its adoption.

Lack of Standardization: The absence of national standards for using RFID in the mining industry leads
to equipment incompatibility and reduced efficiency.

Energy Supply Challenges: Some mines in remote areas struggle to access reliable energy sources to
power RFID equipment.

RFID technology is suitable and justified despite the mentioned challenges. The reasons are as follows:

Enhanced Safety: RFID allows real-time tracking of personnel in underground mines, enabling swift
actions during emergencies (e.g., mine collapses).

Improved Efficiency: The technology facilitates better management of equipment, machinery, and
mineral resources, reducing waste and inefficiency.

Reduced Operational Costs: Although the initial investment is high, long-term savings from reduced
equipment failures, minimized material losses, and optimized resource management ensure a return on
investment.

Increased Competitiveness: Adopting RFID elevates technological standards in Iranian mines and
boosts the productivity of the industry to compete globally.

Accurate Material Tracking: RFID technology provides precise tracking and monitoring of extraction,
transportation, and storage processes for minerals.

With proper planning, gradual investment, and the use of durable, mining-compatible equipment, many
challenges can be overcome, allowing the mining sector to reap the benefits of RFID technology.

7. Discussions and Conclusions

The application of Radio Frequency Identification (RFID) technology in underground mining has
demonstrated substantial potential in enhancing safety, operational efficiency, and asset management
within the mining industry. As underground mining environments are often hazardous and complex, the
integration of RFID provides several advantages that address critical challenges, such as worker safety,
asset tracking, inventory management, and environmental monitoring.

Improved Worker Safety RFID technology allows for real-time personnel tracking, ensuring that
workers are monitored continuously, even in remote or hazardous underground areas. In case of
emergencies, RFID-enabled systems can quickly locate workers, facilitating faster rescue operations and
minimizing risk. For example, during an underground collapse or gas leakage, the ability to pinpoint a
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worker's location significantly reduces response time, potentially saving lives. By integrating RFID with
emergency alarm systems, mining companies can further enhance safety measures, ensuring that alerts are
sent to rescue teams instantly in critical situations.

Efficient Asset and Equipment Management. The use of RFID tags on mining equipment, tools, and
vehicles enables efficient tracking of their usage, location, and maintenance needs. This improves asset
visibility, prevents theft, and reduces equipment downtime by scheduling timely maintenance and repairs.
For instance, RFID can be used to monitor the operational hours of drilling equipment, ensuring that routine
maintenance is conducted at the right intervals to avoid unexpected breakdowns. Additionally, tracking the
location of tools and machinery ensures their availability when needed, thereby reducing delays and
improving operational continuity.

Enhanced Operational Efficiency RFID systems improve inventory management, allowing for real-time
tracking of materials, explosives, and mining products. This streamlines logistics, ensures proper stock
levels, and optimizes supply chain operations. For example, RFID can help track the transportation of
extracted minerals from the mining site to processing facilities, ensuring accountability and reducing
pilferage. Moreover, RFID enhances fleet management by tracking vehicles' movements, fuel usage, and
operational performance, contributing to overall mining productivity. These capabilities lead to better
coordination of mining activities and improved resource allocation.

Environmental Monitoring RFID systems, when enhanced with environmental sensors, can monitor
gases, temperature, humidity, and other critical factors within the mine. This helps detect dangerous
conditions, such as methane accumulation or poor air quality, and provides early warnings to ensure
personnel safety. For instance, RFID-enabled sensors can trigger alarms when gas concentrations exceed
safe limits, allowing workers to evacuate promptly. Such systems are invaluable in maintaining compliance
with safety regulations and protecting the health of workers.

Access Control RFID-based access control systems ensure that only authorized personnel can enter
restricted areas, thereby preventing unauthorized access and enhancing security protocols. This is
particularly important in areas containing valuable resources, hazardous materials, or sensitive equipment.
By integrating RFID with existing security frameworks, mining companies can maintain tighter control
over operations and reduce the risk of theft or sabotage.

Widespread Adoption: It is recommended that mining companies adopt RFID technology in both small
and large-scale mining operations to enhance safety and productivity. The integration of RFID can be
implemented in phases, starting with personnel tracking and then expanding to equipment management,
environmental monitoring, and access control systems. For smaller operations, the initial costs of
implementation can be offset by prioritizing critical areas, such as worker safety, while larger operations
can benefit from comprehensive system integration.

Customization for Mining Environments: RFID systems should be tailored to suit the specific challenges
of underground mining environments, such as signal interference and safety regulations. Companies should
consider using specialized RFID tags and readers designed for harsh and confined conditions. For example,
passive RFID tags with higher durability and resistance to extreme temperatures can be employed to ensure
reliability. Additionally, mining companies can use advanced antenna designs and signal amplifiers to
mitigate signal attenuation caused by dense rock formations.

Training and Awareness: Proper training should be provided to workers and management to ensure they
understand how to use the RFID systems effectively. This will improve the reliability of data and ensure
that the technology delivers its full potential. Training programs should include hands-on demonstrations,
regular refresher courses, and clear guidelines on troubleshooting common issues. Moreover, fostering a
culture of technological acceptance among the workforce can drive smoother adoption and better utilization
of RFID systems.

Continuous Monitoring and Maintenance: Regular checks and maintenance of the RFID system are
essential to ensure it operates efficiently. This includes ensuring that tags remain attached to personnel and
equipment and that readers are properly calibrated to avoid data loss or errors. Mining companies should
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establish dedicated maintenance teams to oversee system performance and address issues promptly.
Additionally, periodic audits of the RFID system can identify areas for improvement and ensure alignment
with operational goals.

Conclusion: RFID technology holds significant promise for transforming underground mining
operations, offering improvements in safety, asset management, and operational efficiency. Its ability to
track personnel, manage assets, monitor environmental conditions, and optimize logistics makes it a
powerful tool for the mining industry. By addressing the challenges and implementing the necessary
infrastructure, RFID can enhance both the safety and productivity of mining operations, leading to more
efficient and sustainable mining practices.

The adoption of RFID in mining is not merely a technological advancement but a strategic investment
in the industry's future. As mining companies face increasing pressure to improve safety standards and
operational efficiency while reducing environmental impact, RFID technology emerges as a critical enabler
of these objectives. By leveraging RFID, the mining sector can achieve a balance between economic
viability and sustainable practices, ensuring long-term growth and resilience in a competitive global
landscape. The integration of RFID systems, coupled with continuous innovation and collaboration among
stakeholders, can revolutionize mining operations, paving the way for a safer, smarter, and more efficient
industry.

Ethical Considerations
The authors avoided data fabrication, falsification, and plagiarism, and any form of misconduct.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-
for-profit sectors.

Conflict of Interest
The authors declare no conflict of interest.

References

[1] Rajkumar, S., Poddar, H., Harsha, S. S., Garg, Y., Shuraj, R., & Vinodhini, M. (2024). Transforming
Workplace Safety: The Intelligent Helmet Approach for Instantaneous Monitoring with Warning
System. In 2024 3rd International Conference on Artificial Intelligence for Internet of Things (AlloT),
IEEE: pp. 1-6.

[2] Kusuda, K., Yamashita, K., Morishita, E., Ishibashi, N., Shiraishi, Y., & Yamaguchi, H. (2024).
Comparison of Reading Times of RFID-Tagged and Barcode-Engraved Surgical Instruments. Journal
of Surgical Research, 304, 121-125. https://doi.org/10.1016/j.jss.2024.09.087

[3] Xie, X., Lin, R., Yu, B., Wen, W., Gu, F., Sivaparthipan, C. B., & Vadivel, T. (2021). Internet of Things
assisted radio frequency identification based mine safety management platform. Computational
Intelligence. 37(3), 1322-1337. https://doi.org/10.1111/coin.12369.

[4] Cavur, M., & Demir, E. (2022). RSSI-based hybrid algorithm for real-time tracking in underground
mining by using RFID  technology.  Physical = Communication, 55, 101863.
https://doi.org/10.1016/j.phycom.2022.101863

[5] Mahmad, M. K. N.,, MAZ, M. R. R, & Baharun, N. (2016). Applications of radio frequency
identification (RFID) in mining industries. In IOP conference series: Materials science and engineering.
133(1),012050, IOP Publishing.

[6] Savochkin, D. A. (2014, September). Simple approach for passive RFID-based trilateration without
offline training stage. In 2014 IEEE RFID Technology and Applications Conference (RFID-TA), IEEE:
pp. 159-164.

53


https://doi.org/10.1016/j.phycom.2022.101863

Khakshour et al. Journal of Environment and Sustainable Mining Vol.1 No.2 (2025) 41-55

[7] Hahnel, D., Burgard, W., Fox, D., Fishkin, K., & Philipose, M. (2004). Mapping and localization with
RFID technology. In IEEE International Conference on Robotics and Automation, Proceedings.
ICRA'04. IEEE:1015-1020.

[8] Choi, J. W., Oh, D. I, & Song, I. Y. (2006). R-LIM: an affordable library search system based on RFID.
In 2006 International Conference on Hybrid Information Technology. IEEE: 1103-108.

[9] Athalye, A., Savic, V., Bolic, M., & Djuric, P. M. (2012). Novel semi-passive RFID system for indoor
localization. IEEE Sensors Journal, 13(2): 528-537. https://doi.org/10.1109/JSEN.2012.2220344

[10] Hekimian-Williams, C., Grant, B., Liu, X., Zhang, Z., & Kumar, P. (2010). Accurate localization of
RFID tags using phase difference. In 2010 IEEE International Conference on RFID (IEEE RFID
2010), IEEE: pp. 89-96.

[11] Mishra, P. K., Bolic, M., Yagoub, M. C., & Stewart, R. F. (2012). RFID technology for tracking and
tracing explosives and detonators in mining services applications. Journal of Applied Geophysics, 76,
33-43. https://doi.org/10.1016/j.jappgeo0.2011.10.004

[12] Bandyopadhyay, L. K., Chaulya, S. K., & Mishra, P. K. (2013). U.S. Patent No. 8,587,414.
Washington, DC: U.S. Patent and Trademark Office.

[13] Bandyopadhyay, L. K., Chaulya, S. K., Mishra, P. K., Bandyopadhyay, L. K., Chaulya, S. K., &
Mishra, P. K. (2010). Wireless information and safety system for mines. In: Wireless Communication
in Underground Mines: RFID-Based Sensor Networking, 175-262. https://doi.org/10.1007/978-0-
387-98165-9

[14] Zhang, X. (2016). Smart Sensor and Tracking System for Underground Mining. Doctoral dissertation,
University of Saskatchewan.

[15] La Rosa, D., Valery, W., Wortley, M., Ozkocak, T., & Pike, M. (2007). The use of radio frequency ID
tags to track ore in mining operations. Proceedings of the 33rd International Symposium on the
Application of Computers and Operations Research in the Mineral Industry, Santiago, Chile.

[16] Kawalec, W., Krol, R., Zimroz, R., Jurdziak, L., Jach, M., & Pilut, R. (2016). Project DISIRE (H2020)—
an idea of annotating of ore with sensors in KGHM Polska Miedz SA underground copper ore mines.
In E3S Web of conferences (8 01058). EDP Sciences.

[17] Nozawa, E., Corsini, J., La Rosa, D., Valery, W., & Allport, A. (2009). SmartTag system
improvements for increase of ore tracking performance from mine to mill and other applications. In
Proceedings Tenth Brazilian Symposium on Iron Ore.

[18] Zohra, F. T., Salim, O., Dey, S., Masoumi, H., & Karmakar, N. C. (2023). Machine Learning Approach
to RFID Enabled Health Monitoring of Coal Mine Conveyor Belt. IEEE Journal of Radio Frequency
Identification, 7, 105-117. https://doi.org/10.1109/JRFID.2023.3267361

[19]. Jin-xinga, S., & Yu-fangb, L. (2011). Design of underground mine locomotive monitoring and
tracking management system. Procedia Environmental Sciences, 10, 484-490.

[20] Tian, J., & Zhu, J. (2011). Positioning system for miners based on RFID. In 2011 International
Conference on Multimedia Technology. IEEE: pp. 626-629.

[21] Sunderman, C., & Waynert, J. (2012). An overview of underground coal miner electronic tracking
system technologies. In 2012 IEEE Industry Applications Society Annual Meeting, Las Vegas, NV,
USA, 2012, pp. 1-5. https://doi.org/10.1109/1AS.2012.6374081.

[22] Niu, Y. Y., Zhu, Z. J., & Fan, M. R. (2013). The application of RFID in coal mine safety management.
Advanced Materials Research, 710, 720-722.
https://doi.org/10.4028/www.scientific.net/ AMR.710.720

[23] Liu, X. Y., & Zhang, P. L. (2013). The Research on Anti-Collision of Personnel Positioning in
Underground Coal Mine Based on RFID. Applied Mechanics and Materials, 380-384, 722-725.
https://doi.org/10.4028/www.scientific.net/ AMM.380-384.722

[24] Xu, J., Gao, H., Wu, J., & Zhang, Y. (2015). Improved safety management system of coal mine based
on iris identification and RFID technique. In 2015 IEEE International Conference on Computer and
Communications (ICCC): pp. 260-264.

54


https://doi.org/10.1016/j.jappgeo.2011.10.004

Khakshour et al. Journal of Environment and Sustainable Mining Vol.1 No.2 (2025) 41-55

[25] Cudjoe, M. N. M., & Cawood, F. T. (2022). Real-time material tracking: Testing the suitability of
microdot technology for ore tracking. Journal of the Southern African Institute of Mining and
Metallurgy, 122(4): 191-200. https://doi.org/10.17159/2411-9717/1507/2022

[26] Rajkumar, S., Pallavor, V., Gupta, S., & Narang, 1. (2023). A Cutting-Edge Safety Wristband for
Underground Mine Workers. In 2023 International Conference on Next Generation Electronics
(NEleX). IEEE: pp. 1-6

[27] Landt, J. (2005). The history of RFID. IEEE potentials, 24(4), 8-11.
https://doi.org/10.1109/MP.2005.1549751

[28] Bandyopadhyay, L. K., Chaulya, S. K., & Mishra, P. K. (2010). Wireless communication in
underground mines. RFID-Based Sens. Netw, 22.

[29] Moutairou, M., Aniss, H., & Delisle, G. Y. (2006). Wireless mesh access point routing for efficient
communication in the underground mine. In 2006 IEEE Antennas and Propagation Society International
Symposium, pp. 577-580.

[30] Finkenzeller K (2004) RFID Handbook: Radio-Frequency Identification Fundamentals and
Applications. John Wiley & Sons, US.

[31] Johnson RC and Jasik H (1984) Antenna Engineering Handbook, 2nd Edition. McGraw-Hill, London.

[32] Xie, X., Lin, R., Yu, B., Wen, W., Gu, F., Sivaparthipan, C. B., & Vadivel, T. (2021). Internet of Things
assisted radio frequency identification based mine safety management platform. Computational
Intelligence, 37(3): 1322-1337. https://doi.org/10.1111/coin.12369

[33] E. W. T. Ngai, K. K. L. Moon, F. J. Riggins, and C. Y. Yi, (2008). RFID research: An academic
literature review (1995-2005) and future research directions, International Journal of Production
Economics,112 (2):510-520.
https://doi.org/10.1016/].ijpe.2007.05.004

[34] Huang, R., Gao, H., & Ren, J. H. (2009). Analysis and research of unslotted CSMA/CA for IEEE802.
15.4. 2009 5Sth International Conference on Wireless Communications, Networking and Mobile
Computing, Beijing, China, 2009, pp. 1-5.

[35] Wamba, S. F., Lefebvre, L. A., Bendavid, Y., & Lefebvre, E. (2008). Exploring the impact of RFID
technology and the EPC network on mobile B2B eCommerce: A case study in the retail industry.
International Journal of Production Economics, 112(2): 614-629.
https://doi.org/10.1016/].ijpe.2007.05.010

[36] Yuchu, J. 1., Zhao, X. U., Qinzhu, F. E. N. G., & Yuan, S. A. N. G. (2010). Concurrent collision
probability of RFID tags in underground mine personnel position systems. Mining Science and
Technology (China), 20(5): 734-737. https://doi.org/10.1016/S1674-5264(09)60272-6

[37] Ahanger, T. A., Aljumah, A., & Atiquzzaman, M. (2022). State-of-the-art survey of artificial intelligent
techniques for IoT security. Computer Networks, 206(2), 108771.
http://doi.org/10.1016/j.comnet.2022.108771

55


https://doi.org/10.1111/coin.12369
https://doi.org/10.1016/j.ijpe.2007.05.004
http://dx.doi.org/10.1016/j.ijpe.2007.05.010

