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Abstract—   In this paper, we introduced the design of a 

smart jacket and proposed an integrated overall safety 

supervision system of an individual miner with environment 

supervision based on WoT (Web of Things) and wireless 

sensor networks (WSN). We have made use of mainly 

ZIGBEE module and RFID technology. We have also 

combined the idea of position prediction of a person who is in 

the blind spot using the shortest path principle using and the 

RFID technology. 
 

Keywords --  Smart jacket, Web of Things (WoT), Wireless 

sensor networks (WSN), RFID, ZIGBEE, position prediction, 

shortest path principle, blind spot. 

I. INTRODUCTION 

afety is the eternal theme of the coal industry. Due to 

complex geological circumstances and poor 

production conditions in coal mines, most of the 

previous monitoring systems are based on the wired 

network architecture. However, this kind of architecture 

also brings some problems: underground deployment of 

these systems is difficult; and because the equipment 

based on wired communication is poor in mobility and 

scalability, it also is difficult to fully monitor all areas of 

mines.                 

Several types of mine tracking systems have   been    

developed  and   many  systems have been put into 

service worldwide. Among them are RFID (radio 

frequency identification) inertial-based and radio node-

based systems. An inertial tracking system relies on its 

own inertial measurement   unit (IMU) to  attain  the 
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data and complete its own location calculations. A node 

based system uses the communication linkage of a 

stationary transceiver (node) and a mobile transceiver 

(tracking device) to estimate the relative location of the 

device. Although current tracking  system are functional, 

none seems capable of correcting for some common 

errors, such as a tracking device reporting itself inside a 

metal mine. Moreover, global position system (GPS) 

system cannot work in an underground mine, so there is 

requirement for a new technology.  

The technologies that are already implemented are 

somewhat old, outdated and not completely acceptable. 

The points to be noted are such as the communication 

system, is not completely reliable, transmission rate is 

low, long time is taken for inspection, the cable 

networks increase the system cost unduly restricting the 

extension of coverage through the mine, hence 

decreasing the security and reliability of data. Wireless 

sensor network are being investigated due to their 

remote environment monitoring capabilities.  

Such a network can easily be used to track the position 

on miners in underground tunnels. So Wireless Senor 

network can collect data, send the alert messages to the 

miners in case of emergency stating that “the area is 

hazardous” and helping to track the miners even if they 

are lost inside the mines. 

II. WIRELESS SENSOR NETWORKS 

Wireless Sensor Network (WSN) typically consists of 

small spatially distributed devices to cooperatively 

monitor physical or environmental conditions, such as 

temperature, sound, vibration and etc. With WSN 

connectivity, data from remote sensors of different types 

are collected by central unit for further processing and 

analysis.  

  WSNs are less expensive and more flexible than wired 

monitoring systems. There are applications that become 

feasible only with WSNs because using wires between 

devices are too expensive or impossible at all. For 

instance, in many industrial, agricultural, military or 

ecological problems physical wiring is impossible or 
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would create extreme disturbance for other operations. 

WSN, compared to other existing wireless technologies, 

is the only technology that targets simple 

communication with low data rates and low power 

consumption.  

Each WSN node is typically equipped with:  

• One or more sensors;  

• A wireless transceiver including antenna or other   

wireless communications device;  

• A microcontroller and memory to process received 

data and prepare data for transmission and execution 

of required networking tasks;  

• A networking and application software which 

specifies networking protocols and application 

functionality; and  

• An energy source, usually a battery.  

     ZigBee is a suitable standards-based wireless 

protocol technology that addresses the unique needs of 

remote monitoring, control and sensor network 

applications. ZigBee wireless standard enables broad-

based deployment of wireless networks with low cost, 

low power solutions in a typical monitoring application. 

III. WIRELESS SENSOR NETWORK 

STANDARDS 

  It is extremely common to have standardized 

technologies in communication industry. Standard 

protocols make the technology more attractive for end 

users by its independence of a single vendor. 

Moreover, openness and large number of participants 

involved in standard development process increases 

technology reliability and safety. Furthermore, 

organizations which are responsible for standard 

specification are constantly improving their standards 

according to market needs. The most popular standards 

for wireless sensor networks are IEEE 802.15.4 and 

ZigBee, which are described in details below.  

A. IEEE 802.15.4 STANDARD 

     IEEE 802.15.4 specified by Institute of Electrical 

and Electronics Engineers (IEEE), is a standard which 

specifies the physical (PHY) layer and Media Access 

Control (MAC) for Low-Rate Wireless Personal Area 

Network (LR-WPANs). It is the basis for the ZigBee, 

WirelessHART and MiWi specification, which attempts 

to offer a complete networking solution by developing 

the upper layers which are not covered by this standard.  

     The main features of IEEE 802.15.4 are network 

flexibility, low cost, very low power consumption and 

low data rate. It is developed for applications with 

relaxed throughput requirements which cannot handle 

the power consumption of heavy protocol stacks. 

     IEEE 802.15.4 standard specifies only the lowest 

part of OSI communication model, PHY layer and MAC 

sub-layer. PHY layer is the lowest level in 

communication model. The PHY provides services such 

as activation and deactivation of the radio transceiver, 

frequency channel tuning, carrier sensing, received 

signal strength estimation Received Signal Strength 

Indication (RSSI), Link Quality Indicator (LQI), error 

correction, data coding and modulation. The MAC sub-

layer provides services such as data framing, validation 

of received frames, device addressing, channel access 

management, sending acknowledgement frames, device 

association and disassociation.  

B. ZIGBEE STANDARD  

ZigBee technology is a low data rate, low power 

consumption and low cost wireless networking protocol 

targeted towards automation and remote control 

applications. ZigBee Alliance and the IEEE decided to 

join forces and ZigBee is the commercial name for this 

technology. ZigBee is expected to provide low cost and 

low power connectivity for equipment that needs battery 

life as long as several months to several years but does 

not require data transfer in high rates. 

ZigBee compliant wireless devices are expected to 

transmit 10-75 meters, depending on the RF 

environment and the power output consumption required 

for a given application, and will operate in the 

unlicensed RF worldwide (2.4GHz global, 915MHz 

Americas or 868 MHz Europe). The data rate is 250kbps 

at 2.4GHz, 40kbps at 915MHz and 20kbps at 868MHz. 

IEEE and ZigBee Alliance have been working closely 

to specify the entire protocol stack. IEEE 802.15.4 

focuses on the specification of the lower two layers of 

the protocol (Physical and Data Link layer). On the other 

hand, ZigBee Alliance aims to provide the upper layers 

of the protocol stack (from Network to the Application 

layer) for interoperable data networking, security 

services and a range of wireless home and building 

control solutions, providing interoperability compliance 

testing, marketing of the standard and advanced 

engineering for the evolution of the standard.  

ZigBee standard specifies three different types of 

nodes that might be present in a ZigBee network: 

Coordinator, Router and End Device. Coordinator is the 

most capable device that forms the root of the network. 

Coordinator is responsible for configuring key 

networking parameters, network start, admission of other 
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nodes and network address assignment. There is exactly 

one ZigBee Coordinator in each network. Coordinator 

should be connected to a steady reliable power supply 

source because of high processing power and inability to 

sleep. Router passes messages from ZigBee End Devices 

to other Router or to the ZigBee Coordinator. Router is 

used to extend network coverage area and increase 

network reliability. End Device can talk only to the 

Coordinator or a Router. It cannot relay data from other 

devices. This relationship allows the node to be asleep a 

significant amount of the time, thereby; giving long 

battery life. End Device requires the least amount of 

memory, therefore, it can be less expensive to 

manufacture than a Router and Coordinator.  

Routers and End Devices enter the existing network 

by associating themselves with a node already present in 

the network. Only Coordinator and Routers can provide 

network access. ZigBee network hierarchy can be 

visualized as a tree with Coordinator being on top and 

End Devices being tree leaves. Each node that joins 

ZigBee network receives temporary 16-bit long network 

address. Communication on network level is performed 

based on this address while direct transmission between 

two neighboring devices is done based on MAC address. 

C. RFID TECHNOLOGY 

The figure explains the basic RFID technology which 

is proposed in our idea where it is placed in the smart 

jacket. In a RFID system, tags are attached to all items 

that are to be tracked. These tags are made from a tiny 

tag-chip, sometimes called an integrated circuit (IC), that 

is connected to an antenna that can be built into many 

different kinds of tags including apparel hang tags, 

labels, and security tags, as well as a wide variety of 

industrial asset tags. The tag chip contains memory 

which stores the product's electronic product code (EPC) 

and other variable information so that it can be read and 

tracked by RFID readers anywhere. An RFID reader is a 

network connected device (fixed or mobile) with an 

antenna that sends power as well as data and commands 

to the tags. 

 

Figure 1.  Block diagram showing the basic RFID system 

 The RFID reader acts like an access point for RFID 

tagged items so that the tags' data can be made available 

to a specified application. Hence the exact position of 

the tag and also the time at which the device is last 

scanned can be stored as the data. Not only it gives the 

data at any instant within the base station but also it is 

used for the  prediction of the person in the blind spot of 

the base stations which is described as follows.  

(1) Prediction of the Personal Position in Blind           

       Area: 

  We cannot get the personal position in blind area 

directly. Therefore, we predict the position with the 

collected information. According to special terrain of 

mine which mainly includes channels and intersection, 

we can predict the tunnel of mine he had moved by the 

personnel's direction of movement (the next positioning 

base station location). If known his movement speed, we 

can calculate the moving distance by the time of leaving 

the base station and predict the personal position. In our 

system, the shortest distance method is chosen to predict 

the moving path, which determines the shortest path 

between two base stations as personnel moving path. 

This method conforms to the actual situation of most. 

(2) The Shortest Path Principle Method : 

 The shortest path problem has much important 

significance in operational research and is also one of the 

important contents of GIS network analysis. In the 

shortest path methods for resolving network diagram 

problem, Dijkstra and Floyd algorithm is considered as 

the best algorithm. In these algorithms, network is 

abstracted as a directed graph or undirected graph, and 

the correlation information between points are recorded 

as node adjacency matrix. In graph traversal, distinguish 

the minimum based on the matrix to find the shortest 

path until getting the final path .  

In the mine map, intersections of pathways are defined 

as nodes of the graph. 

For the convenience of the followed discussion, the 

relevant definition of the directed graph and shortest 

path algorithm are defined as follows: 

Definition 1: directed map G={N,A}, where N is 

nodes set and A is arc set, the number of nodes n = [N], 

the number of arcs m=[A], s is source node, t is target 

node. 

Definition 2: d(i) represents the weighted distance of 

the source node s to node i; l(i, j) represents the arc 

weights between node i and j; S(j) represents the state of 
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node j, which has three status: unreached labeled, 

temporarily labeled and permanently labeled node. 

     Labeling Method is the core of most of the shortest 

path algorithm process. The output result of labeling 

method is spanning tree whose root node is the source 

node s. The tree is generated by iteration. At the end of 

the iteration process, the spanning tree becomes a 

shortest path tree, the path from s to any node i on the 

tree is the shortest pathfrom s to i. 

     In the process of iteration, there are three markers 

of each node i: distance label, l(i); parent node, p (i); 

node status, S(i). Where d (i) represents weighted 

distance between the node i and source node s. At the 

end of algorithm, the d (i) represents the minimum 

weighted distance between s and i: p (i) represents the 

current shortest cost path. Node distance label follows 

the following rules: for the temporarily labeled node, d 

(i) represents the source node s to node i in the upper 

bound of the weighted distance; for permanently labeled 

node, d (i) is most final and optimal weighted distance 

from the source node s to node i . 

(3) Improvement of the Shortest Path Algorithm in   

        RFID Mine Personnel Positioning System: 

At practice, we found that the movement of personnel 

in the mine should consider the walk convenience of 

pathways, the transport and the tunnel environment 

except for the shortest path. It is not enough to predict 

the path by simply consider the distance factor. In order 

to improve the predict accuracy, we must improve the 

algorithm. In the algorithm, we take the length of each 

path of mine as the weight between nodes, and build the 

corresponding spanning tree. But in practical 

applications, the path length factor is not the only reason 

when personnel choose the path. There are other factors 

which affect the weight. So we can set up a number of 

factors to build the weights for 

path chosen. We use the path length as the primary 

basis of a weight value and set up some correction 

parameters R whose basic values are 1 to modify the 

path values. By this method we can obtain the same 

optimal value of the path approximately to the personnel 

selection scheme. The original formula is below: 

l(i,j)=S(i,j) 

The adjusted formula is 

l(i,j)=S(i,j)*R1 *R2 ……*Rn 

By using these revised in each tunnel, we can solve 

the problem of weights very well. 

IV. WEB OF THINGS (WOT) 

     The limitations of the IoT become obvious as soon 

as one wants to integrate devices from various 

manufacturers into a single application or system. This is 

overcome by WoT. The Web of Things (WoT) is a term 

used to describe programming patterns that allow real-

world objects to be part of the World Wide Web. 

Architecture of  Web Of Things (WoT) 

Requirement for functional architecture of WoT: 

1. Flexibility- Functional WoT architecture should be 

able to be mapped to and cover all of the variations. 

2. Compatibility- Functional WoT architecture should 

provide bridge between legacy IoT solutions and Web 

technology based on WoT concepts. 

3. Safety and Security- Functional WoT architecture 

should have the room for providing safety and security 

functionalities. 

Functional Architecture of WoT Servient: 

1. Server Connector- accepts requests from networked 

clients through Figure 2. Functional Architecture of 

WoT Servient internet and sends responses to   clients. 

2. Client Connector- communicates with other servers 

via protocols such as HTTP. (it helps in 

communication between two servient through 

internet.) 

 

 

 

 

 

 

 

 

 

 

 

3. Legacy Communication- It includes proprietly 

protocol binding mechanism and resource 

management defined by each protocol managing 

organizations. 

4. Protocol Binding- it converts interactions with devices 

using information in Things Description in accordance 

with lower layer protocols. 

5. Resource Model- it provides a common abstraction 

across the different protocols. 

6. Things Resource Model Description- it declares 

providing API name, parameter type and so on. 

7. App Script- implements application logic in a modular 

and portable way. 

8. Runtime Environment- it provides the Scripting API. 



International Journal on Applicationsin Information and Communication Engineering  

Volume 3:Issue 1: January 2017, pp 12 - 17 www.aetsjournal.com                                                ISSN (Online) : 2394 - 6237 

----------------------------------------------------------------------------------------------------------------------------- ------------------------- 

 

16 

Explanation of how the discovery and APIs work: 

 

Figure 3. Thing to thing control 

     When a sensor detects temperature and surpassing 

the threshold level, control agent issue a command of 

power-on to an LED. In this case, a temperature sensor 

is connected to WoT Servient 1 and control agent that 

monitor the threshold is also working on the WoT 

Servient 1. On the other hand the LED is connected to 

the connected to WoT Servient 2 and act as a server that 

controls the LED. 

V.   PROPOSED METHODOLOGY 

     The proposed methodology is based upon the 

combination of  WoT and wireless sensor networks. 

A. OVERALL STUDY AND ANALYSIS 

     The main goal of coal mine safety supervision 

system is to effectively protect the safety of the mine 

workers. Therefore, an integrated monitoring system 

which is able to provide decision-making basis for 

ensuring safety in production, and emergency rescue 

handling capability by tracking the location of the staff 

and vehicles. Special environment of the underground 

coal mine always brings inconvenience and difficulties 

in the installation & maintenance of wired 

communication. Nowadays with the electronics and 

sensor technology,  monitoring of various environmental 

parameters may adopt wireless sensor technology. 

Corresponding to network layer and application layer of 

web of things (WoT), the mine safety supervision 

system may be designed.  

The overall architecture consists of a WoT gateway, 

Zig Bee module, WoT services server. The signals are 

acquired from the sensors and it is transmitted to the 

Notepad with the presence of Zig Bee module and the 

Wi-Fi. These datas can be accessed by the remote user 

with the help of WoT gateway and the WoT services 

server. 

 

B.  OVERALL ARCHITECTURE OF WoT OF THE     

     PROPOSED IDEA 

 
 
Figure 4. Architecture of coal mine supervision system 

using WoT of the proposed method.   

C. DESIGN OF THE SMART JACKET 

The miner’s jacket consists of gas sensor, RFID tag, 

temperature and humidity sensor, negative pressure level 

indicator, accelerometer and a LED (glows if they are in 

the dangerous area). Gas sensor is used to detect the 

concentration of different gases like, methane, CO2 

inside the coal mine. RFID tags are used for the 

attendance purposes and it also helps in tracking the 

miners if they are lost inside the mine using the concept 

of “shortest path principle”.  Temperature sensor can be 

LM35 to acquire the details of temperature inside the 

mine.  

 

Figure 5. Smart jacket 
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Humidity sensor is used for calculating the amount of 

moisture present in the air at different locations inside 

the mine and it also helps us to maintain the ventilation 

inside the mine. Negative pressure level indicator helps 

us in finding out pressure inside the mine. 

Accelerometer is used to acquire the walking speed of 

the miners. By knowing the walking speed and the last 

location (obtained with the help of RFID tag) the miners 

can be tracked if they are lost into the blind spot. The 

signals which are acquired by the sensors are collected 

and  sent to the computers present in the control room 

through the various routers present inside the mine. 

These information are collected and stored for all the 

mine workers. In the control room the computer  

compares all the values that are received with the values 

present in the database. It is done separately for all the 

individuals. If the values are above the recommended 

values then it sends an alert signal to the rescue 

department and also to the that particular individual and 

the LED in their jacket glows. It helps in ensuring the 

safety of the miners. 

 

D.   BLOCK DIAGRAM CONSISTING THE ELEMENTS      

     OF WSN NODE: 

 

Figure 6. Block diagram with the elements of WSN node 

The block diagram consists of the following parameters: 

1. Sensor- acquires the signals for various parameters. 

2. A microcontroller and memory- process received 

data and prepare data for transmission and the  

execution of required networking tasks. 

3. A wireless transceiver- may be of antennas for 

sending and receiving the datas. 

4. A networking and application software- helps to 

program the micro controller so it perform the 

required function. 
5. An energy source-  usually a battery to provide the 

sufficient energy for working of the equipments.      

VI.  CONCLUSION 

     A smart jacket for the coal miners based on 

Wireless sensor networks and WoT is the 

implementation of  WoT in wireless sensor networks 

which made use of communication protocols such as 

ZIGBEE, RFID technology and IEEE 802.15.4 

standards. As the result of wearing this jacket, more 

importance is given to the individual surveillance and 

also provides a safety supervision in the coal mining 

industry. It also alerts the person in case of critical 

emergencies and also the  supervision host. Thereby it 

provides an integrated overall supervision system in the 

coal mining industry. 
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