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Abstract: Underground mines are more hazardous in nature and always contain unsafe for their workers. Underground mining 
causes huge losses due to accidents and disaster. There is the need to develop an effective, secure, reliable and low-cost 
surveillance and safety system in underground mine environments. Wireless Sensor Networks (WSNs) are increasingly being 
used for such application. Since wireless sensor nodes are highly energy constrained devices and they have limited battery life 
due to various constraints of sensor nodes. Therefore, optimal usage of node energy is the major challenge in wireless sensor 
networks. Clustering of sensor nodes is an effective method to use the node energy optimally and prolong lifetime of such energy 
constrained wireless sensor networks. Here we propose a framework for load balancing within clusters in the underground mine 
environment. The proposed clustering algorithm ensures balanced size cluster formation and it has been proposed to achieve 
balanced energy consumption among nodes. This project aims to give a secure and efficient communication for the underground 
are using these respective sensors and here a concept of cluster and their rotation is implemented so that the loss of signals can 
be restricted and helps in a secure communication 
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I. INTRODUCTION  
Underground mines are more hazardous in nature and always contain unsafe for their workers [33]. Underground mining causes 
huge losses due to accidents and disaster. There is the need to develop an effective, secure, reliable and low-cost surveillance and 
safety system in underground mine environments [33]. Wireless Sensor Networks (WSNs) are increasingly being used for such 
application. Since wireless sensor nodes are highly energy constrained devices and they have limited battery life due to various 
constraints of sensor nodes . Therefore, optimal usage of node energy is the major challenge in wireless sensor networks [2]. 
Clustering of sensor nodes is an effective method to use the node energy optimally and prolong lifetime of such energy constrained 
wireless sensor networks .Here we propose a framework for load balancing among clusters in the underground mine environment. 
The proposed clustering algorithm ensures balanced size cluster formation and it has been proposed to achieve balanced energy 
consumption among nodes [34]. 
Technological advancements and stricter regulations have helped in controlling the accident rate in underground mines, still 
hundreds of people lose their lives and huge financial losses are incurred to mining industry each year from mining disasters [31]. In 
the classification of mine accidents issued by Mine Safety and Health Administration of the U.S. Department of Labor, the major 
causes apart from faulty equipment, structure failure, and personal negligence are explosions, roof falls, fires, and accumulation of 
gases [32]. In a report published by Centers for Disease Control and Prevention, a total of 11,606 underground coal workers died in 
513 disasters in the USA from 1900 to 2006, with most disasters resulting from explosion or fire.  Proper ventilation and regular 
inspection of hazardous gases is required or in other words environmental monitoring and   contemphasized to avoid accidents in 
underground mines [31]. However, monitoring of such harsh environment is not an easy task and even if human negligence is 
completely avoided, dynamic nature of the environment calls for an automated, intelligent, and reliable monitoring system. Typical 
underground mine consists of stretches of kilometers long tunnels with excavation branches spreading out like a tree. This means 
the monitoring system should be scalable, easily deployable, and have low-maintenance cost to increase coverage as the mine 
grows. The tunnels normally have very rough terrains, i.e., a very harsh environment for radio frequency (RF) communications [31]. 
The communication scheme in such environment must be robust to blockages and redundant to node failures. The mine 
environments are typically quite dynamic; attributes may change instantly calling for immediate evacuation in a rare case of event 
contrary to a normal condition lasting for weeks and months [6]. Therefore, the solution must be responsive in case of events and 
energy efficient during normal operating conditions. 
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In addition, there may be cases of events that are confined to a part of the mine and do not pose a threat to people working in other 
areas. Therefore, the solution must have a central server capable of inferring the global picture in conjunction with a distributed 
system required for energy-constrained sensing network [36]. In case of accidents, localization of events and miners is of key 
importance [12]. Activity monitoring of miners can also provide useful information at times. The most important thing is the 
seamless integration of all the subsystems into a complete monitoring system [28]. This paper presents a unique and comprehensive 
monitoring and control system for harsh environments. It is based on an application-specific communication protocol, utilizing 
known network topology to design energy-efficient routing and collision-avoidance (CA) mechanism [4]. RF modeling is used for 
optimum node placement and reliable connectivity. The system has integrated an intelligent anomaly detection mechanism that not 
only has the capability to detect and identify events in real time but also has the memory to cater for the spatio-temporal dynamics 
of the environment [29]. The solution is distributed (takes care of the spatial dynamics) where individual nodes have the capability 
to detect local events but also carry out periodic reporting so that the central server has the global picture. In addition, localization of 
miners and events and roof falls, etc., has been integrated in the system. 
 

II. EXISTING SYSTEM 
An existing approach for mine monitoring has been presented in Fig 1[36]. For the base protocol, most works have relied on ZigBee 
for its ease of deployment, low data rate (250 KB/s), substantial range and most importantly low power consumption when 
compared to other technologies such as Wi-Fi, Bluetooth and ultra wideband communication [35] . 

 
Fig. 1 System Architecture 

 
However, it gives an even lower data rate and lower frequency protocol, DASH-7[27]. Due to the simple direct energy-bandwidth 
relationship; lower data rate projects better energy efficiency and lower frequency promises higher range. Also, ZigBee is a general 
purpose protocol. Although nodes can be configured to some extent, the nodes are randomly deployed and the network is formed 
and operates dynamically [5]. This means that it does not benefit from known characteristics such as signal attenuation, network 
topology, and routing. Connection is established using carrier sense mechanism which increases delays, uncertainty, and power 
usage [15]. Nodes are set to specific roles such as cluster heads and sensor nodes, which reduce flexibility [30]. Even dynamic 
routing between randomly distributed nodes in a big network can be complex and energy-consuming and may lead to areas with 
redundant or weak coverage’s (specially without signal attenuation consideration) [2]. An application-specific approach can benefit 
from known facts and answer all these challenges. The review in also points out that some works have focused on simulations while 
not giving enough consideration to power requirements for long term operations and did not present experimental results [26] . 
Finally, although existing works emphasize reliability, not a lot has been researched on run time intelligent decision making 
capability for reliable event detection [3]. Authors in and emphasize the need for data collaboration between nodes and intelligent 
processing for efficient decision making but their scope is limited to energy saving and gas concentration detection, respectively. 
Unlike previous works targeting a single aspect of system, this paper takes an integrated approach, improving separate subsystems 
and taking advantage of dependability of various subsystems [34]. The system consists of three types of devices: mobile node (MN), 
stationary node (SN), and gateway node (GN). Each type of device runs its specific firmware and communicates, via set 
communication protocol. The usual practice for monitoring in WSNs is to have an event triggered design, i.e., communication 
between the sensor nodes (SNs and MNs) and the sink node (GN) is required only if an anomaly occurs or the server initiates a 
query. Although this approach saves energy, but there is a danger of missing trends. 
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Mobile nodes (MN)  which is Carried by miners and Capable of monitoring miner activity and Sense parameters critical for miner’s 
survival inside the mine (e.g. temperature, humidity, and oxygen levels),Convey information to the nearest SN, Can also send 
distress signal(s) to the gateway, Can run miner localization algorithm, Charged by Li-Po batteries[7]. Stationary Nodes (SN) At an 
appropriate distance from each other, Sense different parameters critical to structural integrity of the mine, Roof fall, temperature, 
humidity, and concentration of toxic gases such as CO Run local event detection and identification algorithm. Each acts as a cluster 
head forward received data to the GN and Communicate with MNs using DASH-7[8]. Gateway Node (GN) and BS Collects data 
from SNs in its vicinity using custom designed protocol and Sends it to the server/BS via Ethernet or Wi-Fi. At BS, data received 
from GN can be visually analyzed 
 

III. PROPOSED SYSTEM 
A patient is the main source of information/data through various sensors [11]. The data gathered from sensors are stored in a remote 
location where it can be used to generate several reports as per need. The sensor nodes in a MWSN are typical sensor nodes. But 
these nodes are well configured to work with necessary medical equipment for vital signs monitoring. This data can be transferred to 
remote locations through base stations [10] 

 
Fig. 2 Proposed System 

 
The data is configured in the form of a file set as an AVP (Attribute Value Pairs) value [36]. The configuration file has standard and 
default information of heart rate, pulse rate and blood pressure, default ID, battery, and temperature information. The values are set 
to verify the node [12]. The configuration file can easily be accessed through a firmware and is vulnerable to attacks. Hence it is 
important to ensure integrity of this file [25]. It   presents 3-tier architecture to address issues in trust management, security, and 
privacy in MWSNs. The sensor nodes in this architecture can continuously update their configuration and trust level to avoid being 
malicious [8]. They continue to transmit usable, private and sensitive information as well [24]. The 3-tier architecture is based on 
initial configuration of the wireless sensor nodes. Sensor nodes can continuously Update configuration and trust level, Avoid being 
malicious and Records initial configuration and saves it in separate file in encrypted form and Used for energy efficient 
communication Cluster heads are changed continuously to divide network energy computation overhead among the nodes[36]. 
To overcome the shortcomings of wired systems, two-leveled network architecture for the WSN is proposed under an integrated 
monitoring system, com- binning WSN and existing wired monitoring system. It discusses only the topology generation algorithm 
and monitoring mechanism for the system[9]. Again, a low power WSN is proposed based on the low energy adaptive clustering 
hierarchy protocol. According to the structure condition of coal mines, WSN is divided into two categories, one of which includes 
all the nodes in a cluster (CN) and the other is composed of all the cluster heads (CH). The difference between CH and CN mainly 
lies in their software. 
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The communication between CH and CN is based on direct sequence spread spectrum. All the CNs in a cluster use different random 
frequency that leads to avoid the interference within the cluster. Every node can collect data and CN send its data to the CH. The 
proposed two-level network is shown in Fig. 3.  

 
Fig 3 Two- levelled network 

 
The objective of the proposed method is to prolong the lifetime of WSN by appropriately rotating the CH role among smart sensor 
nodes. It should be kept in mind that the considered WSN lifetime corresponds to time interval before death of the first sensor node 
[36].The problem of achieving maximum WSN lifetime is illustrated in Fig 3.4 for a network composed of three sensor nodes[13].  
The examples shown in Fig 4 (a, b) assume that both nodes have the same initial energy level (energy = 100 for time = 0). In the 
example from Fig 3.4 a) a static assignment of the CH role is considered, i.e., node 1 takes the CH role for the entire analyzed 
period. Thus, the residual energy of node 1 decreases faster than the energy of node 2and 3[14]. As a result, node 1 dies after 400 
cycles, while node 2and3 has still some units of energy (it should be noted that time in Fig 3.4 is expressed in cycles of sensor node 
operations). The lifetime of WSN in this example equals 400 cycles [15]. 

 
Fig 4 Cluster head rotation 

 
The second example Fig 3.4 b shows that the lifetime of WSN can be extended by changing the sensor node, which takes the CH 
role [19]. In this example, node 1 takes the CH role for cycles 0–249, and then the CH role is performed by node 2. Both sensor 
nodes 1, 2, 3 deplete their energy at the same time step, It means that lifetime of the WSN is prolonged to 500 cycles [20]. The 
lifetime of 500 cycles is the maximum time for the considered WSN example. It should be noted that the maximum lifetime is 
achieved when both sensor nodes die at the same time step [36]. 
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Lifetime of the WSN for different initial energy levels of sensor nodes is analyzed in Fig 3.4 c, d). In these examples the initial 
energy equals 100 units for sensor node 1 and 60 units for sensor node 2. Fig 3.4 d) shows that without CH role rotation (node 1 is 
CH) both nodes die simultaneously after 400 cycles of the WSN operation [21]. Thus, for the above-mentioned levels of initial 
energy the maximum WSN lifetime is equal to 400 cycles [16]. In Fig 3.4 c) the change of CH node after 250 cycles results in 
decreased WSN lifetime, as node 2 depletes its energy approximately at cycle 330.and after the interval node 3 will be the head [22]. 
 When analyzing the examples Fig 3.4 b, d) it can be observed that the WSN lifetime is maximized if both nodes die at the same 
time[17]. This observation is also confirmed by conclusions of the related works, where more complex scenarios were considered 
than those discussed above[18]. Therefore, the general rule can be formulated that energy consumption of sensor nodes has to be 
balanced to prolong the WSN lifetime [23]. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IV. IMPLEMENTATION AND RESULT 
 

 
 

Gas Sensor 
(MQ-2) 

 

Arduino 
Nano 

 

Zigbee 
TXR 

 

Zigbee 
TXR 

 

Arduino 
Nano 

 

Zigbee 
RXR 

 

Heart beat 
Sensor  

 

Zigbee 
RXR 

 

Arduino 
Nano 

 
Zigbee TXR 

 

Zigbee 
RXR 

 

Node mcu 
(ESP8266) 

 

DHT11 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue VI June 2022- Available at www.ijraset.com 
     

 
3624 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

 
 

 
 

 
 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue VI June 2022- Available at www.ijraset.com 
     

 
3625 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

 
 

 
 

 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue VI June 2022- Available at www.ijraset.com 
     

 
3626 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

 
 
 

 
 

REFERENCES 
[1] G. O. Young, “Synthetic structure of industrial plastics (Book style with paper title and editor),”  in Plastics, 2nd ed. vol. 3, J. Peters, Ed.  New York: 

McGraw-Hill, 1964, pp. 15–64. 
[2] W.-K. Chen, Linear Networks and Systems (Book style). Belmont, CA: Wadsworth, 1993, pp. 123–135. 
[3] H. Poor, An Introduction to Signal Detection and Estimation.   New York: Springer-Verlag, 1985, ch. 4. 
[4] B. Smith, “An approach to graphs of linear forms (Unpublished work style),” unpublished. 
[5] E. H. Miller, “A note on reflector arrays (Periodical style—Accepted for publication),” IEEE Trans. Antennas Propagat., to be published. 
[6] J. Wang, “Fundamentals of erbium-doped fiber amplifiers arrays (Periodical style—Submitted for publication),” IEEE J. Quantum Electron., submitted for 

publication. 
[7] C. J. Kaufman, Rocky Mountain Research Lab., Boulder, CO, private communication, May 1995. 
[8] Y. Yorozu, M. Hirano, K. Oka, and Y. Tagawa, “Electron spectroscopy studies on magneto-optical media and plastic substrate interfaces (Translation Journals 

style),” IEEE Transl. J. Magn.Jpn., vol. 2, Aug. 1987, pp. 740–741 [Dig. 9th Annu. Conf. Magnetics Japan, 1982, p. 301]. 
[9] M. Young, The Techincal Writers Handbook.  Mill Valley, CA: University Science, 1989. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 10 Issue VI June 2022- Available at www.ijraset.com 
     

 
3627 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

[10] J. U. Duncombe, “Infrared navigation—Part I: An assessment of feasibility (Periodical style),” IEEE Trans. Electron Devices, vol. ED-11, pp. 34–39, Jan. 
1959. 

[11]  S. Chen, B. Mulgrew, and P. M. Grant, “A clustering technique for digital communications channel equalization using radial basis function networks,” 
IEEE Trans. Neural Networks, vol. 4, pp. 570–578, Jul. 1993. 

[12] R. W. Lucky, “Automatic equalization for digital communication,” Bell Syst. Tech. J., vol. 44, no. 4, pp. 547–588, Apr. 1965. 
[13] S. P. Bingulac, “On the compatibility of adaptive controllers (Published Conference Proceedings style),” in Proc. 4th Annu. Allerton Conf. Circuits and Systems 

Theory, New York, 1994, pp. 8–16. 
[14] G. R. Faulhaber, “Design of service systems with priority reservation,” in Conf. Rec. 1995 IEEE Int. Conf. Communications, pp. 3–8. 
[15] W. D. Doyle, “Magnetization reversal in films with biaxial anisotropy,” in 1987 Proc. INTERMAG Conf., pp. 2.2-1–2.2-6. 
[16] G. W. Juette and L. E. Zeffanella, “Radio noise currents n short sections on bundle conductors (Presented Conference Paper style),” presented at the IEEE 

Summer power Meeting, Dallas, TX, Jun. 22–27, 1990, Paper 90 SM 690-0 PWRS. 
[17] J. G. Kreifeldt, “An analysis of surface-detected EMG as an amplitude-modulated noise,” presented at the 1989 Int. Conf. Medicine and Biological 

Engineering, Chicago, IL. 
[18] J. Williams, “Narrow-band analyzer (Thesis or Dissertation style),” Ph.D. dissertation, Dept. Elect. Eng., Harvard Univ., Cambridge, MA, 1993.  
[19] N. Kawasaki, “Parametric study of thermal and chemical nonequilibrium nozzle flow,” M.S. thesis, Dept. Electron. Eng., Osaka Univ., Osaka, Japan, 1993. 
[20] J. P. Wilkinson, “Nonlinear resonant circuit devices (Patent style),” U.S. Patent 3 624 12, July 16, 1990.  
[21] IEEE Criteria for Class IE Electric Systems (Standards style), IEEE Standard 308, 1969. 
[22] Letter Symbols for Quantities, ANSI Standard Y10.5-1968. 
[23] R. E. Haskell and C. T. Case, “Transient signal propagation in lossless isotropic plasmas (Report style),” USAF Cambridge Res. Lab., Cambridge, MA Rep. 

ARCRL-66-234 (II), 1994, vol. 2. 
[24] E. E. Reber, R. L. Michell, and C. J. Carter, “Oxygen absorption in the Earth’s atmosphere,” Aerospace Corp., Los Angeles, CA, Tech. Rep. TR-0200 (420-

46)-3, Nov. 1988. 
[25] (Handbook style) Transmission Systems for Communications, 3rd ed., Western Electric Co., Winston-Salem, NC, 1985, pp. 44–60. 
[26] Motorola Semiconductor Data Manual, Motorola Semiconductor Products Inc., Phoenix, AZ, 1989. 
[27] (Basic Book/Monograph Online Sources) J. K. Author. (year, month, day). Title (edition) [Type of medium]. Volume (issue).  Available: http://www.(URL) 
[28] J. Jones. (1991, May 10). Networks (2nd ed.) [Online]. Available: http://www.atm.com 
[29] (Journal Online Sources style) K. Author. (year, month). Title. Journal [Type of medium]. Volume(issue), paging if given.   Available: http://www.(URL) 
[30] R. J. Vidmar. (1992, August). On the use of atmospheric plasmas as electromagnetic reflectors. IEEE Trans. Plasma Sci. [Online]. 21(3). pp. 876–880.   

Available: http://www.halcyon.com/pub/journals/21ps03-vidmar 
[31] Electrical Accidents in the Mining Industry, 1990–1999 James C. Cawley, Senior Member, IEEE  
[32] Discussion on mine environmental problems and Countermeasures 
[33] Safety Assurance and Rescue Communication Systems in High-Stress environments:a mining case syudy prasanh misra;salil kanhere;diethelm ostry 
[34] Hybrid Wireless Communication System Using ZigBee and WiFi                         Technology in the Coalmine Tunnels 
[35] Web of Things-Based Remote Monitoring System for Coal Mine Safety      Using Wireless Sensor Network   
[36] A Cluster Head Rotation method Based Energy Efficient Trust Management Mechanism for Wireless Sensor Networks  

 
 
 
 
 
 
 
 
 
 



 


