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Abstract

This paper presents a comprehensive analysis of the theoretical foundations and
practical implementation of smart personal respiratory protective equipment
(PRPE) designed for underground mining personnel. The proposed system
incorporates advanced environmental sensors, infrared detection modules,
microcontroller-based control units, intelligent data-processing algorithms, and
wireless remote monitoring technologies. The integration of these components
enables continuous real-time monitoring of hazardous atmospheric parameters,
automated risk assessment, and adaptive control of respiratory protection
functions. The system is intended to enhance occupational safety, improve
emergency responsiveness, and optimize operational reliability in underground
mining conditions characterized by elevated dust concentration, toxic gases, and
limited ventilation.
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Introduction

Ensuring safety in underground mines is one of the most critical challenges in the
mining industry. The lives of miners are frequently exposed to hazardous
conditions, including complex geological environments, gas accumulation,
airborne dust, and oxygen deficiency. Therefore, the development of an eftective
system for monitoring Personal Respiratory Protective Equipment (PRPE) and
enabling its remote, real-time supervision would significantly enhance
occupational safety in mining operations.

Workers employed in underground mines are continuously exposed to inhalable

dust, methane (CHa), carbon dioxide (CO:), and other harmful gases. These

factors contribute to respiratory diseases, occupational illnesses, and may lead to
emergency situations. According to occupational health and safety regulations,
miners are required to wear respirators at all times while working underground.

However, in practice, some workers temporarily remove their respirators due to

discomfort or negligence. This behavior poses serious health risks and reduces

overall industrial safety.

Addressing these issues requires the implementation of advanced monitoring

solutions in mining enterprises, particularly considering the following

limitations:

o Although PRPE serves as the primary protective equipment for miners, the
capability to monitor its operational status in real time remains limited;

o Conventional monitoring systems primarily track general environmental
parameters and fail to provide comprehensive data on the individual
protective status of each miner;

o In emergency situations, the lack of prompt and accurate information
complicates evacuation procedures and emergency response operations.

The objective of this proposed development is to design and implement a cost-

effective and reliable automated system for monitoring respirator usage in

underground mines and to evaluate its operational efficiency and safety
performance.

Main Section
In the development of the proposed system, both hardware and software
approaches were applied to ensure reliability, real-time monitoring capability, and
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cost-effectiveness under underground mining conditions. The overall system
configuration includes the following essential modules:

v" Infrared (IR) Proximity Sensor — used to detect whether the respirator mask
is properly worn or removed. The sensor operates based on reflected infrared
radiation and continuously monitors the position of the mask relative to the
worker’s face.

v ESP32 Microcontroller — serves as the central processing unit of the system.
It processes incoming sensor data, performs time tracking, manages logical
control algorithms, and coordinates communication tasks.

v Buzzer Module — provides a local audible alarm when improper respirator
usage (e.g., mask removal beyond a predefined time threshold) is detected.
This ensures immediate feedback to the miner.

v" Wi-Fi Communication Module (integrated within ESP32) — enables
wireless transmission of status data to supervisory personnel. In the event of
non-compliance or abnormal conditions, real-time alerts are sent to
responsible safety officers for prompt action.

v" Lithium-ion (Li-ion) Battery — functions as an independent power supply,
ensuring uninterrupted system operation in underground environments where
wired power sources are impractical.

The integration of these components forms a compact, autonomous, and scalable
monitoring system capable of operating in harsh underground mining
environments while maintaining continuous supervision of individual respiratory
protection compliance.

Contact

Conneted

Mask Worn Mask Removed

Figure 1. Smart Respirator
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The sensor detects whether the respirator mask is being worn (see Figure 1). If
the mask is removed, the system automatically activates a three-minute timer. If
the mask is not re-worn within this specified time interval, an alert signal is
generated and the worker is notified through an audible warning.

Once the mask is properly reattached, the system automatically resets and
returns to normal operating mode without requiring manual intervention.

SYSTEM OPERATION
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Figure 2. Technological Schematic Diagram of the Control Module.

Expected Results

The implementation of the proposed intelligent respiratory monitoring system is

expected to yield the following outcomes:

v Enhancement of individual safety levels among underground miners through
continuous supervision of respirator usage;

v Establishment of rapid and effective emergency response mechanisms by
providing timely alerts in critical situations;

v Provision of real-time, comprehensive operational data to mine management
and safety supervisors;

v Improvement of overall production efficiency and strengthening of safety
culture in the mining industry through the integration of innovative
technologies.
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Conclusion
The development of an intelligent control and remote monitoring system for

personal respiratory protective equipment in underground mines represents a
significant advancement in mining safety management. The proposed system not

only safeguards miners’ health and lives by ensuring proper respirator compliance

but also enables mine operators to maintain continuous, real-time oversight of
individual protective status. By adopting this innovative technological approach,
it is possible to simultaneously enhance occupational safety standards and
operational efficiency within underground mining environments.
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