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ABSTRACT

In the mining industry, ZigBee technology is used in wireless
surveillance and safety monitoring systems specifically
designed for mine workers. By continuously monitoring the
ambient conditions and vital indicators of miners in real-time,
the technology seeks to improve their safety and security. In
order to detect dangerous situations in the mine unit, the
proposed system consists of a variety of sensors that are
integrated together. ZigBee-enabled base stations are used for
data collecting and transmission. By means of Zigbee, the
system enables smooth communication between the base
stations and sensors, guaranteeing prompt alerts and reactions
to possible safety hazards. Through the mining industry, where
worker safety is of utmost significance, this research advances
wireless monitoring systems in dangerous environments.

[1]. The bell in an emergency signals a quick reaction from the
base station. This research represents a significant
advancement in wireless sensor networking, improving mine
worker safety. Our goal is to improve the lives of mine workers
facing dangerous circumstances by providing a rapid means of
rescue through wireless communication.

Key words: ZigBee enabled base stations, wireless sensor
networking, sensor’s function, safety monitoring system.

1. INTRODUCTION

Ensuring the safety and security of employees is crucial in the
mining business of today. The introduction of wireless
technologies presents a chance to improve safety monitoring
and surveillance systems in mines. The creation and
application of a Zigbee-powered wireless surveillance and
safety monitoring system is the main goal of this project.
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Zigbee is the best option for communication in difficult
situations like mines because of its many benefits, including
low power consumption, scalability, and mesh networking
capabilities.

The system's goal is to give real-time monitoring of a number
of variables, such as the surrounding environment, worker
activity, and emergency scenarios [2]. Wireless sensors can
be installed all over the mine to gather vital information that
can be relayed to a central monitoring station [3]. This will
allow for quick reaction to any potential dangers or
occurrences, guaranteeing the workers' safety.

2. EXISTING SYSTEM

A wireless surveillance and safety monitoring system for mine
workers utilizing Zigbee technology comprises Zigbee-
enabled sensors deployed throughout the mine to monitor
parameters like gas levels, temperature, and movement.
These sensors wirelessly transmit data to a central control
unit, which processes it to detect abnormalities and trigger
alerts.

Each mine worker carries a personal monitoring device that
communicates with the central unit via Zigbee, tracking their
location and vital signs [4]. In emergencies, workers can use
their devices to send distress signals, facilitating swift rescue
operations.

The system includes data storage, analysis capabilities, and a
user-friendly interface for real-time monitoring [4]. To
ensure uninterrupted operation, power-efficient designs and
battery backup systems are integrated.
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3. PROPOSED SYSTEM

The project aims to monitor various environmental conditions
inside a mine and ensure the safety of workers by detecting and
responding to potential hazards such as abnormal temperature,
humidity, gas leaks, fire, and noise. It utilizes sensors to collect
data and triggers appropriate responses such as alarms, fans,
and sprays to mitigate risks and alert workers in case of
emergencies.

Components and Sensors. Figures 1 and 2 shows the block
diagrams of the proposed system

1. Temperature and Humidity Sensor (DHT): Monitors
temperature and humidity levels inside the mine.

2. Gas Sensor: Detects the presence of harmful gases.

3. Fire Sensor: Detects fires or high temperatures.

4. Microphone: Detects noise or vibrations.

5. Buzzer: Provides audible alerts in case of emergencies.

6. Spray: Used to extinguish fires if detected.

7. Cooling Fan (CFAN) and Exhaust Fan (EFAN): Provide
ventilation and help disperse gases.

Functionality:

1. Temperature and Humidity Monitoring:

- The system continuously monitors temperature and
humidity levels.

- If temperatures exceed a threshold, it triggers a cooling fan
to maintain a safe temperature. Figures 8 and 9 shows the
output for temperature parameter in transmitter and receiver.

- If humidity levels become abnormal, it triggers an alarm to
alert workers. Figures 10and 11 shows the output for humidity
in both transmitter and receiver.

2. Gas and Fire Detection:

- The gas sensor detects the presence of harmful gases such
as methane or carbon monoxide.

- If gas is detected, it triggers an alarm and activates an
exhaust fan to remove the gas. Figures 14 and 15 shows the
output for Gas Detection in both transmitter and receiver.

- The fire sensor detects fires or high temperatures. If
detected, it triggers an alarm and activates a spray to extinguish
the fire. Figures 12 and 13 shows the output for fire detection
in both transmitter and receiver.

3. Noise Detection:

- The microphone detects unusual noise or vibrations.

- If noise or vibrations are detected, it triggers an alarm to
alert workers. Figures 16 and 17 the output for the noise
detection in both transmitter and receiver.

4. Emergency Response:

- Workers can press an emergency key to send a distress
signal.

- In case of an emergency, such as imminent danger or
evacuation, the system triggers a loud alarm and displays an
emergency message on an LCD screen. Figures 4 and 5 shows
the alert message.

System Operation:

1. Upon startup, the system initializes
communication interfaces, and the display.

2. It continuously monitors environmental conditions and
sensor inputs in the main loop.

3. If any abnormal conditions are detected (such as high
temperature, gas presence, fire, or noise), the system triggers
appropriate responses, including activating alarms and fans,
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displaying messages, and sending emergency signals.

4. The system provides real-time monitoring and alerts,
enabling workers to respond promptly to potential hazards and
ensure their safety within the mine environment.

Safety and Efficiency:

The project enhances safety measures within mining operations
by providing real-time monitoring of environmental conditions
and automatic responses to potential hazards. By promptly
detecting and mitigating risks, it helps prevent accidents and
ensures a safer working environment for miners. Additionally,
the automation of safety systems improves efficiency and
reduces the reliance on manual intervention, allowing workers
to focus on their tasks while having peace of mind regarding
their safety.
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Figure 1: Block Diagram of Transmitter
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Figure 2: Block Diagram of Receiver
3.1 Operation Flowchart

The operation flow of the Wireless Surveillance and Safety
Monitoring System for Mine Workers is illustrated in a
detailed flowchart. It begins with the initialization of the
Sensors and Serial Communication on the transmitter side.
The program then enters a loop to monitor the various
surrounding parameters.

This comprehensive flowchart elucidates the systematic
operation of the system, from monitoring parameters to
alerting the messages received, ensuring a thorough
understanding of its functionality [3]. On the transmitter side,
the process begins with the initialization of the Sensors and
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Serial Communication. The program then enters a loop where
it checks for Sensor’s input. If a parameter is detected
abnormal, it is transmitted via the ZigBee module. This loop
continues to check for various abnormal environmental
parameters and alerts base station & mine unit as necessary.
Figures 6 and 7 shows the transmitter and Receiver Kkit.

On the receiver side, the ZigBee module is initialized, and
both the LCD display and buzzer are initialized [5]. The
program enters a loop to check for received data. If data is
received, it is read, displayed on the LCD, and an audible
alert is activated. This loop continues to ensure timely
processing of received messages. The flowchart provides a
comprehensive visual representation of the system's
operation, aiding in understanding its sequential processes.
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Figure 3: Flow Chart of the proposed system

4. LITERATURE SURVEY

This paper presents a comprehensive review of wireless
sensor network (WSN) technologies for undergroundmine
monitoring. It discusses the challenges of ensuring safety
for mine workers and proposes a solution using Zigbee-
based WSN for real-time surveillance and worker

localization [6].

28

The paper describes the design and implementation of
a Zigbee-based WSN for safety monitoring in
underground mines. It includes details on sensor node
deployment, communication protocols, and data
processing algorithms to ensure timely detection of
hazardous situations [7].

RESULT

We have successfully implemented a Wireless
Surveillance and safety monitoring system for mine
workers using ZigBee technology. The system
seamlessly integrates a transmitter circuit, and
receiver circuit featuring an Arduino ATMEGA
2560 Controller, Zigbee module, and LCD at both
transmitter and receiver module, a buzzer, and Reset
switch, Noise Sensor, Water sprinkler, Cooling Fan,
Exhaust Fan, Key. Through the transmitter, users
can input messages via the LCD and Buzzer, which
are then transmitted wirelessly to the receiver.
Monitoring system accurately detect temperature,
Humidity, flammable and poisonous gases and
indicate it through a buzzer to acknowledge the
workers and transmit the same information to
monitoring station through Zigbee and triggers a
buzzer for emergency alerts at Receiver.
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Figure 6 :Transmitter Kit
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Figure 7 :Receiver kit
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Figure 11: Abnormal Humidity in Receiver Figure 16: Noise Detected in Transmitter
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Figure 17: Noise Detected in Receiver

6. CONCLUSION

The wireless nature of Zigbee technology eliminates the need
for cumbersome wired connections, reducing the risk of
accidents associated with tangled cables and providing
greater flexibility in deploying monitoring devices.
Additionally, the ability to transmit data wirelessly facilitates
swift response times in emergency situations, potentially
saving lives and minimizing injuries. Furthermore, the
implementation of this surveillance and safety monitoring
system promotes a culture of safety within the mining
industry. The continuous monitoring and feedback
mechanisms empower both mine operators and workers to
makeinformed decisions that prioritize safety. By fostering a
proactive safety approach, the system contributes to a
reduction in accidents, injuries, and fatalities within mining
operations.
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