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Abstract— The disasters in underground coal mine are very 

serious issues now a days. A communication system must be 

there, between the workers of the mine, and the control 

station to improve the safety system in the mines. Therefore 

the purpose of the project is to modify an existing mining 

safety helmet to make the helmet even safer by adding a 

wireless sensor node network. A smart helmet has been 

developed that is able to detect the hazardous events in the 

mine industries. To improve miner safety, addition of 

intelligence to the mining helmet is needed. The miner needs 

to be warned when he removes his helmet. By using IR sensor 

we can detect it. Real-time monitor and control of mine 

hazard are more complex in the area of mining technology. 

Mine safety modules are configured to communicate to 

ground control or base station. A real serious issue in mines 

is hazardous gases. To detect the various gases present in the 

environment, gas sensor is used. Humidity sensor senses, 

measures and reports both moisture and air temperature. 

Temperature sensor measures the amount of heat energy or 

even coldness of environment. IoT module used here to 

update sensor data on web server. Buzzer will beep 

automatically if the sensor value exceed. Sensor related 

information will be displayed on LCD. 
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I. INTRODUCTION 

The world is having an extensive and diverse mineral 

resources and large mining industry. The supervisors are 

considered responsible for all the injuries sustained in their 

supervision. Therefore supervisors must be alert of such 

potentially hazardous situations. The problem addressed is 

the improvement of a mining helmet in order to ensure more 

equipment, being aware of one’s surroundings can sometimes 

be challenging. Sometimes some of miner’s safety 

accessories may be too heavy, too warm or very 

uncomfortable to work with. In such conditions the miners in 

coal mines tend to remove their safety accessories. However, 

miners generally do not remove their helmets. Currently 

protecting the miner’s head against potentially hazardous 

bumps is the only purpose of mining helmet. When a fellow 

miner has encountered a hazardous event in such cases the 

safety helmets must have any technology added to it to let 

miners know that fellow miner is in danger. Therefore the 

purpose of the project is to make the helmet even safer by 

adding a wireless sensor node network to the existing mining 

safety helmet. The main task is to design the system that last 

long enough while running on battery power and also small 

enough to fit into the safety helmet. 

 A further challenge is that, the mining helmet needs 

to be modified to improve miner safety by adding intelligence 

to the helmet in such a way that the added weight had to be 

kept to a minimum and also the helmet should be modified 

without changing its physical structure. The intelligence 

added will warn the miner when miner removes his helmet. 

The system must determine whether or not a miner has 

sustained a life-threatening injury if an object falls on the 

miner even when wearing his helmet he can became 

unconscious or immobile. These two events are defined as 

hazardous events. Thirdly, dangerous gases need to be 

detected and announced. 

II. LITERATURE SURVEY 

Yongping Wu and Guo Feng proposed a coal mine 

monitoring using the Bluetooth wireless transmission system. 

As a standard of unified global short-range wireless 

communication, Bluetooth technology is to be establishing a 

common low-power, low cost wireless opening system. The 

system uses CAN bus technology maturely, has realized the 

combination of wired and wireless data transmission system 

[1]. The main difficulty of this system is that the Bluetooth is 

short distance wireless technology and use of cabling is 

difficult. Jingiiang Song, Yingli Zhu implemented automatic 

monitoring system for coal mine safety with wireless sensor 

network. The sensor groups of the system temperature, 

humidity and other parameters in the underground mine, 

parameters measured are sent to wireless communication 

module by the micro-controller [2]. The collected data is sent 

to long-distance monitoring center by the cable. Pranjal 

Hzarika proposed implementation of the safety helmet for a 

coal mine workers. This helmet is equipped with methane and 

carbon monoxide gas sensors. This sensor sense the gas and 

the data is transmitted to the control room wirelessly, through 

a wireless module called Zigbee connected with the helmet 

[10]. This system does not detecting fall down of the person 

and weather the worker is wearing the helmet or not. 

III. PROPOSED SYSTEM 

In mining industry worker safety is very important issue. 

Every year, thousands of miners die in accidents and many 

more get injured, especially in the processes of the coal 

mining and hard rock mining [3]. The main reason of 

accidents are gas or dust explosions, gas intoxications, 

improper use of explosives, electrical burn, fires, collapsing 

of mine structures, rock falls from roofs, flooding, workers 

stumbling/falling/slipping, or errors from malfunctioning or 

improperly used mining equipment [11]. In coal mine use of 

personal protective equipment like helmet, shoes etc. are not 

proper and proper arrangements were not there to check if the 

person is wearing personal protective equipment or not. The 

proper supervision for worker wear the protective element is 

very important factor for consideration. Underground mines 

are very dark so any miners are fall unconscious because of 

suffocation or falling of structure, supervisor don’t know 

about his health condition and proper treatment is not 

provided him in time. The main reason for miner death is 

harmful gases explosions. In coal mines carbon monoxide, 

methane, LPG gases existing and they are very harmful for 

human body. 

 The proper supervision and proper communication 

is very important requirement of mining industries. The smart 
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helmet provides a real time monitoring of harmful gases, 

proper light intensity for work, humidity and miner is wearing 

the helmet or not. The harmful gases like carbon monoxide, 

LPG, Methane and also temperature are monitor using this 

system [11]. The wired communication network is not so 

effective because when natural calamity or a roof fall 

occurred, wired network is damages, so it is very difficult and 

costly to reinstall the entire system. The effective solution for 

communication from base station to underground mine is IOT 

based wireless network. 

 The smart helmet for mining industry consists of 

various sensors which are fixed on the helmet. The sensors 

used are Gas Sensor, Temperature Sensor, Humidity Sensor, 

LDR for light intensity, and IR sensor to detect weather the 

miner wearing helmet or not. By using IOT module the mine 

information like environmental parameters in mine or 

wearing helmet or not can be seen anywhere anytime by using 

internet. So the proper action can take within time to rescue 

the miner. 

IV. BLOCK DIAGRAM 

A. Block Diagram Description 

The MQ6 is used to monitor the level of Methane, LPG, 

Hydrogen, Carbon monoxide, Alcohol, and Smoke. The 

LM35 is used for monitoring temperature. The DHT11 is 

used to monitor the humidity. The LDR is used to detect the 

light intensity of the environment in which miners are 

working. To detect weather the miner is wearing helmet or 

not the IR sensor is used. These are semiconductor type 

sensor. The sensor senses the various environmental 

parameters like temperature, humidity, light, level of gases 

and transmitted real time data to the controller, the controller 

receive the data processing on it and transmitted to the base 

station using IOT module. At the same time if gases level is 

increases above threshold, alert signal will be send to the base 

station. 

 The alerting device, buzzer is used for alerting to the 

supervisor or the person at the base station if any of the sensor 

data exceed than rated or threshold values. LCD displays the 

massage according to sensor values, like if LPG level 

increases then LCD will display “LPG detected”. If helmet is 

removed by miner then, “Helmet Removed” will be displayed 

on LED. 

 All the data is received from helmet and transferred 

to the base station through IOT and display on PC. By using 

IOT module we will able to get mine’s update anywhere 

anytime through internet. 

B. Block Diagram 

 
Fig. 1: Block Diagram of Proposed System 

V. HARDWARE 

A. Raspberry Pi 

The Raspberry Pi controller is a credit card sized computer 

that interface with camera, audio and video device and some 

electronic devices like GSM, XBEE etc. IT is like a mini 

personal computer that can be used for games and data 

processing. It has an ARMv7 Quad Core Processor. The 

board consists of inbuilt memory and 1GB RAM to access 

large powerful applications. Raspberry Pi controller consist 

of 4 USB ports for connect devices, one HDMI port for video 

output display, Ethernet port for network connections, and 

input power supply for controller is 3.3V. 

B. Gas Sensor MQ2 

MQ-2 gas sensor is a sensor having high sensitivity to LPG, 

and has good resistance to disturb of gasoline, smoke and 

vapor. SnO2 is sensitive material of MQ-3 gas sensor, which 

with lower conductivity in the clean air. The sensor’s 

conductivity is higher along with the gas concentration rising, 

when the target LPG (Liquefied Petroleum Gas) exit. The 

MQ2 sensor can   be used to detect LPG with different 

concentrations the sensor is having low cost and suitable for 

different applications. 

C. Temperature Sensor LM35 

Linear temperature sensors calibrated in °Kelvin Centigrade 

therefore the LM35 has an advantage it calculate in 

centigrade only, so user don’t need to perform calculations.  

This device requires single power supply. This device can 

work from −55°C to +150°C. This can be operated from 4V 

to 30V and requires less than 60-μA drain current. LM35 has 

low self-heating, 0.08°C in still air. 

D. Humidity Sensor DHT11 

Humidity sensor senses, measures and reports both moisture 

and air temperature. Temperature sensor measures the 

amount of heat energy or even coldness of environment. The 

DHT11 is a Low Voltage Humidity Sensors operate down to 
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2.7V. For many low drains, battery operated systems; the 

DHT11 is ideally suited with a tipical current draw of only 

200mA. It is designed specifically for high volume OEM 

(Original Equipment Manufacturer) users. The DHT11 

delivers instrumentation-quality RH (Relative Humidity) 

sensing performance in a competitively priced. 

E. LDR 

LDR stands for Light Dependent Resistor and also known as 

Photoresister. LDR is basically a resister whose resistance 

varies with intensity of light. LDR is basically a passive 

component. The LDR is made up from the high resistance 

semiconductor material. The semiconductor absorbs the 

photons and depending on the frequency and quality of 

photons, semiconductor material gives energy to bounded 

electron to go to the conduction band. The LDR resistance 

lowers because of free electron conductivity. Photons 

frequency decides the number of electrons [4]. 

F. IR Sensor 

Infrared technology addresses a wide variety of wireless 

applications. The main areas are sensing and remote 

controls.IR beam can be designed to use low amounts of 

power. In this project the IR sensor is used for the detection 

of miner is wearing helmet or not. 

G. LCD 

Adafruit 16x2 Character Display 4-bit data interface for 

compatibility with ARM boards, LCD_E, LCD_RS, 

LCD_RW, 2 line x 16 character Display, Each character 

location consist of 5 dot x 8 bit display. 

H. IoT 

An IoT module is a small electronic device embedded in 

objects, machines and things that connect to wireless 

networks and sends and receives data. Sometimes referred to 

as a "radio chip", the IoT module contains the same 

technology and data circuits found in mobile phones but 

without features like a display or keypad. Another key 

differentiator of IoT modules is that they provide always 

on connectivity. This is because IoT applications need to send 

data automatically, in real time without someone hitting a 

send button. In addition, they are engineered for extreme 

durability and longevity and need to operate continuously for 

a decade or more to justify the business case and cost of the 

technology. 

I. Buzzer 

Piezoelectric buzzers are sometimes also called as piezo 

buzzer. Piezo buzzer is the sound generator, used as audio 

indicator in electronic circuits. It is widely used as alarm 

generator in electronic devices. A Piezo buzzer has an 

oscillator and a Piezo disc inside. Around 2-4 kHz frequency 

is generated by oscillator and to produce the sound the Piezo 

element vibrates accordingly. The Piezo buzzer works 

between 3 – 12 volts DC [4]. 

J. Flowchart 

 
Fig. 1: Flowchart of Proposed System 

VI. CONCLUSION 

A mining helmet is developed that is able to detect different 

types of hazardous events such as, humidity condition of 

mines, then temperature and existence of combustible gases, 

the helmet removing by miner, and light intensity inside the 

mines. 

 Heart of the system is Raspberry pi 3 who control 

and monitor the all these events using IOT. This system is 

displaying the parameters on the base station PC and alerting 

miner, from base station higher authority can monitor every 

thigh, which can provides rescue operation for the miner. The 

first is the presence of the hazardous gases such as CO, SO2, 

NO2, and particulate matter exceed its limit raspberry pi 

sends information through IoT to the base station and alert the 

miner through buzzer. 

 The second is the measurement of environmental 

temperature and humidity, A temperature sensor (LM35) 

value is set to the 45 degree Celsius, if temperature goes 

beyond this limit a buzzer will be alerted to a miner and 

webpage will be updated this will true for humidity also. In 

the third case if the miner removes his helmet off their head. 

Then to determine successfully when the helmet is on the 

miner’s head an off-the-shelf IR sensor is used. The fourth is 

the measurement of light intensity inside the mines if the light 

intensity becomes low raspberry pi informs the miner by 

buzzer. So this project is useful for the persons who are 

working in the underground, or in mines. 

 The system can be further improved. To allow the 

transmissions to the control station or supervisor node 

hopping can be implemented. The system can also be 
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improved by adding the sensors to detect collision inside the 

mines, and we can also add the devices to check the miner’s 

heart rate and blood pressure. 
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