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   Abstract  

 

A smart helmet is to be developed that can detect hazardous events in mining industries, tunnel works, etc. These areas are subjected 

to many hazardous situations. Let’s considered the three main types of hazard that usually occur in mines such as poor air quality, 

helmet removal and collision with objects. The first type of hazard, i.e., poor air quality refers to the increase in concentration of 

hazardous gases such as CO, SO2, NO2 and particulate matter inside the coal mines which is dangerous for the mine workers. In 

order to handle this situation sensors are provided in the outer surface of the helmet which will detect the presence of any hazardous 

gases. Sensors are also provided to measure the mine temperature and humidity. If any hazardous situation is detected, an alert 

message will be sent to the base station. The second hazardous event is the situation in which the miners remove the helmet off 

their head. In order to tackle this situation, a switch is given in the strap of the helmet such that the switch is activated when the 

helmet is clipped. The third type of hazard is collision of the miner’s head with any objects or sudden fall of the miner. This can 

be detected with the help of a vibration sensor. When a vibration of comparatively higher magnitude is detected, the base station 

(BS) is notified about the situation. There is a unique identification (UID) tag given for each helmet. In case of an emergency 

situation, the unique tag is also sent to the base station so that it is easy to identify which mine worker is affected or is in danger. 
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I. INTRODUCTION 

Persons working in coal mines often face hazardous situations and go through various environmental parameters. Fire, flood, 

collapse, toxic atmospheric contaminant, and dust or gas explosion are the most critical hazards specifically linked to underground 

mining. Blasting related hazards have to be added to that list. Although not specific to underground operations, their consequences 

could be exacerbated by the confined atmosphere and the workplace configuration. The existing system or technology used in coal 

mines do not provide any form of protection  to the workers who are exposed to harsh climatic conditions and environmental 

activities[6]. The helmet used by coal mine workers currently contain only a light for providing illumination and it acts just as a 

basic protection against falling objects. The environment in which the worker is made to work or the physical parameters involved 

are not measured nor taken into account. 

II. SYSTEM OVERVIEW 

Solving the problem of miners removing their safety equipment was a challenge, taken that any new safety equipment that is not 

lightweight and non-distracting, will just be removed, like all the other safety equipment. As the helmet is the only safety gear 

miners tend to keep on, this is where the new safety equipment was added on to. Three sensors were used, a set of vibration sensors 

in parallel, humidity sensor, and a temperature sensor. There is a switch placed in the strap of the helmet. These were used either 

to detect if a miner has experienced a bump to the head or removed his helmet and surrounding air quality. The three sensors were 

connected to a ZigBee module [1]. This module does all the processing and also controls the wireless communication between 

separate helmets. The system consists of six components, helmet remove sensor, collision sensor, air quality sensor, data processing 

unit, wireless transmission and alerting unit. 

 
Fig. 1: Safemet- A typical representation 
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A. Air Quality Sensor 

 Air pollution from coal mines is mainly due to emissions of particulate matter and gases include methane (CH4), sulphur dioxide 

(SO2), and oxides of nitrogen (NO2), as well as carbon monoxide (CO). It is well known that when human being comes in contact 

these chemicals/ pollutants it could have adverse effect on their health. These unbalanced ratios of air pollution gases, such as 

suspended particulate matter, increase respiratory diseases such as asthma, chronic bronchitis, and cardiovascular problems. 

B. Helmet Removal Sensor 

For detecting the removal of the helmet a switch is placed in the strap of the helmet. When the strap is clipped, the switch is 

activated and the system turns on. 

C. Vibration Sensor 

A set of vibration sensors were used to sense whether the miner has experienced any sudden fall or bump. The vibration sensors 

get activated on occurrence of a vibration of a much higher magnitude. 

D. Wireless Transmission  

Wireless transmission between the different nodes was required. Bluetooth, WI-Fi and ZigBee are the three types of wireless 

systems that are practical for the system specifications. ZigBee was created to be a low power, low data rate and a low-cost device. 

ZigBee has all the same benefits as a Wi-Fi system [4] [1]. A ZigBee module is also more useful for creating larger mesh networks 

than Bluetooth and is therefore the better option when routers and access points cannot be implemented. All the components are 

attached to the safety helmet. Some of the components are placed inside the helmet, while this helps to protect the components 

from bumps and gasses, this can result in electronics being embedded into the head of a miner if a seriously hard bump is 

experienced. ZigBee modules are the chosen wireless chip because its signals are able to penetrate walls and work very well in 

mines. 

E. Data Processing Unit 

The original thought process was to use a Raspberry Pi as the main processor in conjunction with a ZigBee module as the wireless 

communication terminal, keeping with an open hardware design [3]. The sensors and the ZigBee module would be connected to 

the Raspberry Pi. The Raspberry Pi would measure the sensors and control the ZigBee module. The Raspberry Pi would then be 

used to create the user interface for the user to examine the data that has been logged. Two problems turned up: the first being 

power consumption and the second interfacing with the Raspberry Pi. The power consumption was a problem as the system would 

be running off a battery, even though the Raspberry Pi uses very little power it is much more than what is used by the ZigBee 

module [4]. The interfacing problem was caused by the difficulty of connecting to the Raspberry Pi, because it would not have a 

built-in display as this would dramatically reduce the durability of the product. The only other option is to connect to the Raspberry 

Pi through a network cable. After further examination it was decided to choose the ZigBee module ATZB-24-A2 wireless chip. It 

has an adequate amount of processing power and a built-in electrically erasable programmable read-only memory (EEPROM). 

III. EXPERIMENTAL WORK 

A. Air Quality Test 

In the air quality testing process, we have used the known gas concentration cylinder and follow the static chamber method for the 

development of the AQ sensor. An incubator is used for testing of the developed system. The incubator is simply a rectangular 

plastic box with a hole on the side to fit a pipe that is used to pump in gas. The sensor node is powered on and placed inside the 

incubator that is then closed. Gas cylinders were used to pump the gas into the incubator. The sensor node then takes measurements 

of the gas concentration. Off-the-shelf air quality monitoring devices are very expensive and thus there was nothing to compare 

the measurements to, however the concentration levels were estimated and the accuracy of the system was determined.  

B. Helmet Removal Test  

The purpose of this test is to show that the system will detect when the helmet is completely removed from the dummy head. For 

the system to pass the test it needs to detect the removal of the helmet with an accuracy of above 90%. The helmet was connected 

to the computer through the USB port. The helmet was placed on the dummy head. The node was configured to transmit the data 

through the USB port, which would have been sent through the wireless network [5].  

C. Impact Test 

In this section, we have tested to the impact reading that the accelerometer gives when in two situations. The first is a hazardous 

force like a hammer, showing that it would trigger a hazardous event. The second is a bumped with a nonhazardous force like a 

human hand hitting the helmet, showing that would not trigger a hazardous event. The test with the hammer was changed a few 

times as discoveries were made through the results. The final test with the hammer was dropping the hammer for ten repetitive 

tests from a height of 1 m above the helmet. The data was sent through the USB to the computer and then imported into MATlab.  

The purpose of this test was to determine whether or not the wireless transmission between the nodes meets the minimal 

requirement of transmitting data more than 5 m and how successful the data transmission. Placing the one node at distance 0 m 
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(stationary point) configured to transmit every second continuously. The second node was placed at distances varying from 1 m to 

13 m, 8 m further than specified. The second node was configured to receive and transmit the data through the USART [2]. 

Connecting a computer and storing the first hundred seconds, of the system clock, that was received. The data of each distance 

was stored and analyzed. The test was done in an environment with people moving through the line of sight and the presence of a 

Wi-Fi network with the router situated in the middle of the transmission. 

IV. RESULT AND DISCUSSION 

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) [6]. The hazardous events were classified 

as a miner removing the mining helmet off their head. Another 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. Tests were successfully done to calibrate the 

accelerometer. PCB’s that were designed and made included a breakout board and a prototype board. The critical levels of the 

hazardous gases such as CO, SO2, and NO2 in the mines industry has been indicated through alerting unit. Recently developed 

monitoring systems have mostly utilized Wireless Sensor Network technology which is a superior choice to traditionally used 

wired technologies in several aspects. Even though when an emergency condition occurs, miners must need a minimum amount 

of time to evacuate and to access those emergency services. Features that makes this product a better option when compared with 

the current model are automatic monitoring ability, automatic oxygen supply, low power consumption and easy deployment. The 

goal of zero-fatality mining could be realized with the use of WSN technology with personal protective equipment with accident 

detection and survival capability. 

V. FUTURE SCOPE 

If we replace the currently used hardware components with System on Chip, the system becomes more compact, energy efficient 

and range of the system increases. A system to reduce the risk of drowning due to increased water level inside the mine can be 

included. Pulse sensors can be placed inside the helmet such that there is a continuous monitoring of the miner’s pulse and if the 

pulse rate rises beyond the normal rate, rescue operations can be initiated. 
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