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Abstract: -- A smart helmet has been developed that is able to detect of hazardous events in the mines industry. In the development 

of helmet, we have considered the three main types of hazard such as air quality, helmet removal, and collision The first is the 

concentration level of the hazardous gases such as CO, SO2, NO2, and particulate matter. The second hazardous event was 

classified as a miner removing the mining helmet off their head. IR sensor was then used to successfully determine when the helmet 

is on the miner’s head. 

  The third hazardous event is defined as an event where miners are struck by an object against the head with a force. An 

accelerometer was used to measure the acceleration of the head and the HIC was calculated in software. Tests were successfully 

done to calibrate the accelerometer. The experimental prototype consists of three sensors namely gas, infra red and proximity 

sensor for their usage and the sensor data are monitored in pc via zigbee transceiver unit. 

 

Keywords: Air quality, safety, wireless sensor network and zigbee. 
 

I. INTRODUCTION 

In earlier days, LED type helmets are extensively 

deployed in large and medium-sized coal mines because of 

their flexibility of light weight and low power. Meanwhile 

Zigbee based wireless sensor networks arerecently 

investigated due to their remoteenvironment monitoring 

capabilities. Such a network can easily collect sensor data 

and transmit by radio. By integrating these two advantages 

we design a new smart new helmet, which can be enable as a 

mobile node of Zigbee wireless sensor networks, gathering 

parameters from underground timely and quickly. Moreover 

miners can also exchange information from control centre 

through wireless communication. It is convenient for 

centralized management to build real time surveillance on 

environment parameters, so potential safety problems can be 

avoid by early warning intelligence. 

 

II.BLOCK DIAGRAM 

 
 

2.1GAS SENSOR 

In current technology scenario, monitoring of gases 

produced is very important. From home appliances such as 

air conditioners to electric chimneys and safety systems at 

industries monitoring of gases is very crucial. Gas sensors 

spontaneously react to the gas present, thus keeping the 

system updated about any alterations thatoccur in the 

concentration of molecules at gaseous state. The gas sensor 

module consists of a steel exoskeleton under which a 

sensingelement is housed. This sensing element issubjected 

to current through connecting leads. Thiscurrent isknownas 

heating current through it, the gases coming close to the 

sensing element get ionized and are absorbed by the sensing 

element. This changes the resistance of the sensing element 

which alters the value of the current going out of it. The 

connecting leads of the sensor are thick so that sensor can be 

connected firmly to the circuit and sufficient amount of heat 

gets conducted to the inside part. They are casted from 

copper and have tin plating over them. 

  

2.2 Infrared Object Detection Sensor 

 The parts used are typically the same parts found in 

most consumer electronic remote controls, and are widely 

available. If you have an old TV or other IR remote device, 

you have the makings of a nice IR detection system.IR 

Sensors work by using a specific light sensor to detect a 

select light wavelength in the Infra-Red (IR) spectrum. By 

using an LED which produces light at the same wavelength 

as what the sensor is looking for, you can look at the intensity 

of the received light. When an object is close to the sensor, 

the light from the LED bounces off the object and into the 

light sensor. This results in a large jump in the intensity, 
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which we already know can be detected using a threshold. 

Since the sensor works by looking for reflected light, it is 

possible to have a sensor that can return the value of the 

reflected light. This type of sensor can then be used to 

measure how "bright" the object is. This is useful for tasks 

like line tracking.  

 

 2.3 Temperature sensor 

Temperature sensors include both analog and digital 

temperature sensor ICs. Both types are suitable for use in a 

wide range of applications, such as industrial, consumer, 

medical and computer market segments. The analog 

temperature sensors feature low power consumption and 

good linearity, and can operate over a temperature range as 

wide as -55 to +130 °C. The digital temperature sensors 

feature low power consumption, up to 12-bit resolution and 

can operate over a temperature range as wide as -55 to +125 

°C.  

 

2.4 LCD Display 

LCD (liquid crystal display) is the technology used for 

displays in notebook and other smaller computers. Like light-

emitting diodeand gas-plasma technologies, LCDs allow 

displays to be much thinner than cathode ray tube 

technology. LCDs consume much less power than LED and 

gas-display displays because they work on the principle of 

blocking light rather than emitting it.An LCD is made with 

either a passive matrix or an active matrix display display 

grid. The active matrix LCD is also known as a thin film 

transistor (TFT) display. The passive matrix LCD has a grid 

of conductors with pixels located at each intersection in the 

grid. A current is sent across two conductors on the grid to 

control the light for any pixel. An active matrix has a 

transistorlocated at each pixel intersection, requiring less 

current to control the luminance of a pixel. For this reason, 

the current in an active matrix display can be switched on and 

off more frequently, improving the screen refresh time. 

 

2.5 Power Supply 

 Power supply is also called a power supply unit or PSU, the 

component that supplies power to a computer. Most personal 

computers can be plugged into standard electrical outlets. 

The power supply then pulls the required amount of 

electricity and converts the AC current to DC current. It also 

regulates the voltage to eliminate spikes and surges common 

in most electrical systems. Not all power supplies, however, 

do an adequate voltage-regulation job, so a computer is 

always susceptible to large voltage fluctuations. 

Power supplies are rated in terms of the number of watts they 

generate. The more powerful the computer, the more watts it 

can provide to components. 

 

2.6 PIC Microcontroller 

This powerful (200 nanosecond instruction execution) yet 

easy-to-program (only 35 single word instructions) CMOS 

FLASH-based 8-bit microcontroller packs Microchip's 

powerful PIC® architecture into an 40- or 44-pin package 

and is upwards compatible with the PIC16C5X, 

PIC12CXXX and PIC16C7X devices. The PIC16F877A 

features 256 bytes of EEPROM data memory, self 

programming, an ICD, 2 Comparators, 8 channels of 10-bit 

Analog-to-Digital (A/D) converter, 2 capture/compare/PWM 

functions, the synchronous serial port can be configured as 

either 3-wire Serial Peripheral Interface (SPI™) or the 2-wire 

Inter-Integrated Circuit (I²C™) bus and a Universal 

Asynchronous Receiver Transmitter (USART). All of these 

features make it ideal for more advanced level A/D 

applications in automotive, industrial, appliances and 

consumer applications. 

 

III.LITERATURE SURVEY 

  

   In recent years, harvesting technology has played 

an important role in the area of mine applications. The 

literature on mines technology is available but very limited. 

Nutter, et al. proposed a methodology for identifying safety 

hazards inherent in underground monitoring and control. 

They also designed potential safety hazard equipment. They 

developed methodologies based on analytical electronics and 

computer-based hardware/software systems. Kock, et al. 

developed the technology in terms of health, safety, and 

productivity for the South African coal mining industry. They 

also investigating the coal interface detection (CID), 

productivity, communication channels (infrared, power line, 

optical fibers, and radio) . Misra et al. presents a case study 

for mines. They reviewed on communication techniques such 

as through the wire (TTW), through the air (TTA), and 

through the earth (TTE) .  

 

        The survey of wireless propagation in tunnels and 

underground mines with a focus on current wireless channel 

modeling, technologies, and applications [11]. The Internet-

of-Things, where all devices are smart and interconnected, 

are increasingly being used in more industrial applications 

[12], [15], and it is therefore also a principle that can make a 

difference in mining safety with smarter equipment. The 
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literature alsoshows that despite some attractive solutions; 

very few have been implemented and testedin the real-world, 

identifying the existence of a gap between theory and real 

world application at scientifically accepted level. In this 

paper smart helmet in compliance with IEEE 21451 

standards is presented. It has various advanced features such 

as fast response time low, portability, and low cost with 

precisely acceptable accuracy. 

 

IV.PROPOSED SYSTEM 

 

 A smart mining helmet was developed that is able to 

detect three types of hazardous events such as danger level of 

hazardous gases, miner helmet removing, and collision or 

impact.In order to explain the entire system, the system is 

divided into six units. Helmet remove sensor, which is used 

to detect the miner, is wearing the safety helmet or not this is 

achieved through the IR sensors. Collision sensor, which is 

used to detect and identify whether any objects fall over the 

miner and this is achieved through accelerometer. Air quality 

sensor, which is used to detect Air pollutionfrom coal mines. 

It is mainly due to emissions of particulate matter and 

gasesinclude methane (CH4) and carbon monoxide (CO). 

Data processing unit the microcontroller which is used to get 

all the data from the above all sensor and concludeswhether 

need any intimation to wireless unit or the user wearing it. 

Wirelesstransmission and alerting unit is used to transfer the 

data obtained from theprocessing unit. It is achieved through 

Zigbee. 

 

V. RESULTS AND DISCUSSIONS 

 

 A smart mining helmet was developed that is able to 

detect three types of hazardous events such as danger level of 

hazardous gases, miner helmet removing, and collision or 

impact (miners are struck by an object ). The hazardous 

events were classified as a miner removing the mining helmet 

off their head. An off-the-shelf IR sensor was then used to 

successfully determine when the helmet is on the miner’s 

head. hazardous event is defined as an event where miners 

are struck by an object against the head with a force 

exceeding a value of 1000 on the HIC (Head Injury Criteria). 

An accelerometer was used to measure the acceleration of the 

head and the HIC was calculated in software. The layout of 

the visualisation software was completed. PCB’s that were 

design included a breakout board and a prototype board. A 

whole software implementation was done in order to do the 

control of the measuring of sensors and of calculations done 

with the measured values. The system was extensively tested 

in order to determine whether or not the system works to the 

requirements. The distance might still want to be limited as it 

would be impractical to warn miners that are too far awayto 

find the miner who is experiencing a hazardous event. The 

processing speed of the system can be improved to allow for 

more accurate accelerometer measurement. The IR sensor 

can be improved to work within the helmet by not triggering 

because of reflections. Node hopping can be implemented to 

allow transmissions to the supervisor or even a central 

control station. This can be done by adding stationary nodes 

that are programmed to onlybounce any signal that is 

received. The system can be improved by adding more 

measuring devices to check the miner’s blood pressure and 

heart rate. Gas concentrations can be measured as well. In 

future, it could also be considered if such modules can also 

be used for secondary services, such as localization of 

workers relative to each other . 

 

5.1 Hardware Interface And Output 

 
 

 
 

5.2 Software Output 
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