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Abstract

Miners' safety is indeed a critical issue, encompassing various challenges that put their
health and lives at risk. Mining processes often emit hazardous and toxic fumes, posing serious
risks to the health and safety of workers involved in these operations. This issue places
significant strain on the mining industry, as it must continually work to mitigate these risks and
ensure the well-being of its workforce. The research focuses on detecting temperature, fire, and
harmful gases in coal mines using sensors in a Wireless Sensor Network (WSN) module. The
detected data is then transmitted through a serial interface and sent to the corresponding
location through the 10T cloud using Zigbee. The device provides an early warning system that
assists miners in saving their lives before any fatalities occur. This is achieved through the
establishment of a wireless sensor network using loT technology. The proteus tool is used for

designing the proposed work.
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1. Introduction

The Internet of Things (IoT) refers to the concept of network-connected devices that

can sense and collect data from the surrounding environment. This data is then transmitted over
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the Internet, where it can be processed and utilized for various purposes. The Internet of Things
(1oT) involves connecting physical devices such as gas sensors, temperature sensors, and fire
sensors with embedded sensing and communication capabilities. This technology is widely
used as a solution to various global problems. 10T applications include financial systems,
infrastructure management, health monitoring, environmental monitoring, and emergency
notification systems, all of which are increasingly relying on loT-based systems. In this work,

IoT is used to control hazards in the underground coal mine’s environmental parameters.

2. Literature Survey

In [1], a coal mining safety system is designed using Node MCU and the thinker.io
platform to transmit data. In [2], the researchers proposed a system for coal mining safety using
Arduino, which integrates gas sensor modules, fire sensors, humidity/temperature sensors,
LEDs, and a buzzer. These sensors are connected to an Arduino Uno board and integrated using
loT technology. In [3], the authors reviewed early warning and fault diagnosis systems for coal
mine ventilators. The research discusses and examines various types of faults that can occur in
coal mine ventilators, analyzes the causes of these failures from different perspectives, and
summarizes the common consequences of ventilator failures. In [4], a coal mine safety system
using loT was designed. The system includes a WSN and Raspberry Pi controller, which
controls ventilation demand based on atmospheric conditions to ensure the safety of mine
workers within the mining area [16].

3. Methodology
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Figure 1. WSN Module
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Figure 1 is a visual representation of a system that shows the major components

involved and how they are interconnected in the system.

The block diagram consists of a temperature sensor, fire sensor, and gas sensor used to
acquire physical parameters. The temperature sensor monitors the environment's temperature,
while the gas sensor detects the presence of harmful gases. The fire sensor detects fires. The
Arduino Nano acts as the microcontroller and the system's core, processing sensor data and
controlling the system. The buzzer serves as the alert system [5,6]. The Zigbee transceiver
enables wireless communication between the Arduino Nano and a central monitoring station
[7,8, 9]. Monitoring environment safety, control, and automation in coal mines using Wireless
Sensor Networks (WSN) and Internet of Things (1oT) involves the deployment of sensor nodes
throughout the mine to collect data on various environmental parameters. These parameters
include temperature, humidity, gas concentration (e.g., methane, carbon monoxide), air quality,
and potentially other factors relevant to safety and operational efficiency [11,12].
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Figure 2. Base Station Module

The base station module is a central component in a wireless sensor network (WSN)
that collects data from sensor nodes and coordinates network activities. The following
components are in the module. Zigbee Transceiver is used to receives data from sensor nodes
and sends commands to them. Microcontroller which is Arduino Nano is used to process the
physical data received from sensor nodes and perform necessary actions which is monitoring
the temperature and gas level. Ethernet/Wi-Fi Module allows the base station to connect to a
local network or the internet for data transmission and remote monitoring [13,14]. User
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Interface is allowing users to interact with the base station, view sensor data, and configure
settings. Networking Component manages the network topology, communication protocols,
and data routing within the WSN as shown in Figure 2.

4. Result and Discussion

In Proteus, virtual sensor nodes can be created to simulate the deployment of sensors
throughout the coal mine. These virtual nodes can be programmed to collect data on
temperature, humidity, gas concentration, and other parameters. The communication between
the sensor nodes and the central monitoring system can be simulated using Proteus' built-in
support for wireless communication protocols such as Zigbee [15]. It allows for the simulation
of automated safety control mechanisms, such as triggering ventilation systems or shutting
down operations. These mechanisms can be activated based on the analysis of sensor data as

shown in Figure 3 and 4.
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Figure 3. Environment Monitoring (Transmitter 1)
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Figure 7. Mail Notification

The figure 5,6 and 7 represents the Hardware output for environmental monitoring and
coalmine monitoring and mail notification and Table 1 shows the components of hardware and

software used in this work.

Table 1. Hardware and Software Components

S.No Components Used Specifications
1 Serial Interface UART
2 Zigbee Transceiver 2.4 GHz ISM band
3 Temperature Sensor LM35
4 Fire Sensor TCRT5000
5 Gas Sensor MQ-2
6 Arduino Nano Arduino Nano 3.0

5. Conclusion

This work provides a clear and precise monitoring of the underground mine by
developing a real-time monitoring system. When sensor values exceed the threshold level, an
alarm is triggered to alert the miners in the mining area. This system is designed to help miners

save their lives by alerting them before any accidents occur.

Journal of 10T in Social, Mobile, Analytics, and Cloud, June 2024, Volume 6, Issue 2 103



Monitoring Environment Safety Control Automation for Coalmine based on WSN-loT

References

[1] Gopal, Boddapati Venkata Sai Phani, Pakirabad Akash, and PSG Aruna Sri. "Design
of lot based coal mine safety system using Nodemcu." International Journal of
Innovative Technology and Exploring Engineering (IJITEE) 8, no. 6 (2019). 1221-
1224,

[2] D. Prabhu, V. Naga Nikhil, J. Shiva Kumar 10T Based Coal Mining Safety for Workers
using Arduino IJSEC, Volume 9, Issue 10, 2019. 87-95.

[3] Shauohang Yu, Xiang Rong, X. Shi Review of fault diagnosis and early warning of
coal mine ventilator Chinese Automation Congress, Volume 5, Issue 7, 2019. 1379-
1382.

[4] P. Koteshwara Rao, A. Hareesh, B. Vineendra Kumar & CH. Ravi Kiran Design And
Implementation Of Coal Mine Safety Using lot ljettcs Volume 7, Issue 2, March — April
2018.39- 44.

[5] Keerthana E, Kruthika M, Kalyani Suruthi S A Smart Security System with Monitoring
in Mines International Journal of Pure and Applied Mathematics ISSN, Volume 119,
Issue 14, 2018. 871-877

[6] Bonala Ashwini, D. Ravi Kiran Babu IOT Based Coal Mine Safety Monitoring and
Control Automation IJERT ISSN, Volume 20, Issue 6, Nov- Dec 2018. 81-84

[7] Joshi Gunjan Shailesh Monitoring of Toxic gases and land slide prevention using IOT
IJARCCE Vol. 6, Issue 6, June 2017. 231-235.

[8] Borhade Ganesh Lahanu & Prof. Kadu Mahesh B Mine safety system using wireless
sensor network, ijcesr ISSN Volume 4, Issue-3, 2017. 10-16

[9] X. Chen and P. Yu, Research on hierarchical mobile wireless sensor network
architecture with mobile sensor nodes," in Proc. Int. Conf. Biomed. Eng. Informat., Oct.
2010, pp. 2863-2867.

[10] Deshpande, Priyanka, and Mangala S. Madankar. "Techniques improving throughput
of wireless sensor network: A survey." In 2015 International Conference on Circuits,
Power and Computing Technologies [ICCPCT-2015], pp. 1-5. IEEE, 2015.

ISSN: 2582-1369 104



J. Kirubakaran, D. Mathivanan, M. Arunkumar, M.S Arulmurugan

[11]W. Bing, X. Zhengdong, Z. Yao, and Y. Zhenjiang, Study on coal mine safety
management system based on "hazard, latent danger and emergency responses,"
Procedia Eng., vol. 84, pp. 172_177, Nov. 2014.

[12] Tan, Y. K., and K. Tseng. "Low-voltage DC grid-powered LED lighting system with
smart ambient sensor control for energy conservation in green building.” Smart Grid
Infrastructure & Networking (2013): 227-248.

[13] D. Egan, “The Emergence of ZigBee in building automation and industrial controls”,

J. IEE Computing & Control Engineering, vol.16(2), pp. 14-19, 2005.

[14] G.Pradeep Reddy, Gera Ridine Immaculate Mary “Optimal node placement in wireless
sensor networks” IJEST, Vol. 3 No. 2 Feb 2011,pp.1124-1129.

[15] Boddu, Rajkumar, P. Balanagu, and N. Suresh Babu. "Zigbee based mine safety
monitoring system with GSM." International Journal of Computer & Communication
Technology 3, no. 5 (2012): 63-67.

[16] Herur, Santosh, Clinton Leema, and M. G. Gowri. "IOT Based Coal Mine Safety
Monitoring and Control Automation.” International Journal of Engineering Research &
Technology (2022) Volume 10, Issue 11 81-84.

Journal of 10T in Social, Mobile, Analytics, and Cloud, June 2024, Volume 6, Issue 2 105



