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Abstract: In this paper, we propose an approach to improving the 

network lifetime by enhancing Network CONnectivity (NCON) and 

Target COVerage (TCOV) in randomly deployed Mobile Sensor 

Network (MSN). Generally, MSN refers to the collection of 

independent and scattered sensors with the capability of being 

mobile, if need be. Target coverage, network connectivity, and 

network lifetime are the three most critical issues of MSN. Any 

MSN formed with a set of randomly distributed sensors should be 

able to select and successfully activate some subsets of nodes so 

that they completely monitor or cover the entire Area of Interest 

(AOI). Network connectivity, on the other hand ensures that the 

nodes are connected for the full lifetime of the network so that 

collection and reporting of data to the sink node are kept 

uninterrupted through the sensor nodes. Keeping these three critical 

aspects into consideration, here we propose Socratic Random 

Algorithm (SRA) that ensures efficient target coverage and network 

connectivity alongside extending the lifetime of the network. The 

proposed method has been experimentally compared with other 

existing alternative mechanisms taking appropriate performance 

metrics into consideration. Our simulation results and analysis show 

that SRA performs significantly better than the existing schemes in 

the recent literature. 
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1. Introduction 
 

Wireless Sensor Network (WSN) has been a topic of 

numerous research works and practical implementation 

efforts in the recent decades. While we find a wide range of 

applications of it in the real-life scenarios, the research 

efforts on various issues of WSN and on various forms of it 

are still ongoing. That is why till today, this is considered as 

an emerging technology. In fact, reaching a saturation point 

of the research works in this and related areas will still take 

some years.  

Today, practical applications of WSN include security 

surveillance, environmental monitoring, smart homes and 

offices, object tracking, traffic management, navigation, and 

so on. In some of these applications, the sensor nodes are 

randomly distributed (e.g., forest fire monitoring) while in 

some other applications (e.g., smart home), the deployment is 

made in a controlled manner. The number of sensors in a 

network and the coverage area of a network also vary from 

one setting to another. Irrespective of any particular 

application, lifetime [1], [2] of the network is always given 

the highest importance because, without ensuring appropriate 

network lifetime that an application scenario needs it for, 

there would not be any real utility of the network. Sensor 

nodes are basically small wireless devices with limited power 

(i.e., battery life), radio transmission range, and storage 

capability. Hence, energy usage should be done as efficiently 

as possible. 

Sometimes, a sensor node is called a mote. A mote can 

collect information, process it, and communicate with other 

connected nodes in the network. As the device is typically 

tiny in size and powered by (often) irreplaceable batteries, it 

is required to consume low amount of energy, operate in high 

density environment, should be somewhat autonomous to be 

able to operate in unattended conditions, and be adaptive to 

the environment where it is deployed in. Hence, in addition 

to the battery’s maximum service issue, other resource 

limitations and operational requirements also greatly define 

the network’s usability. When mobility is considered in such 

a network (that is formed by such tiny devices), the 

challenges increase by a great multitude. Hence, in spite of 

the availability of numerous works on lifetime issues, better 

or more efficient power management or longevity of the 

network would always be a topic of research interest for 

usual WSNs. If the tiny sensors get more advanced circuitries 

and power providing mechanisms in future, then the issue 

would be about how efficiently the lifetime could be 

increased with even relatively smaller devices with similar 

configuration that we take into consideration today. For other 

variations of it or specialized setting like for instance, Mobile 

Sensor Network (MSN), issues like network coverage and 

connectivity would be the integral aspects of the core 

research questions. 

Network coverage is a difficult problem to solve. The 

objective is to use as less number of sensors as possible to 

cover the target area and that network should get the longest 

possible lifetime. There are mainly two types of 

deployments: random and deterministic. Both types have 

their advantages and disadvantages. While deterministic 

deployment uses somewhat fixed (planned and not random) 

deployment pattern, its disadvantage is the limitation of Area 

of Interest (AoI). Random deployment does not need prior 

plan or structure; however, the disadvantage of it is the non-

equitable distribution of sensor nodes on the AoI. Hence, for 

random deployment scenario, the power consumption and 

connectivity could be affected negatively and as a result, it 

would affect the coverage of the AoI. A third type of 

deployment strategy is introduced in [3], which could be 

called the hybrid deployment method that somewhat 

combines the advantages of the two main types and aims to 
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minimize the disadvantages. It has two steps: the anticipated 

configuration and the scheduling process. The authors in that 

work present a comparative study to illustrate the efficacy of 

that type, especially to optimize coverage when a large AoI is 

considered.  

Mobile Sensor Network (MSN) is basically a cluster of 

movable sensors. Once the initial deployment is done (of 

mainly random type), the sensor nodes are capable of 

changing their locations. In general, mobility can be applied 

to all the nodes. It can be either active or passive. In case of 

active mobility, these sensors are capable of finding their 

own shortest paths and move. On the other hand, while in 

passive mobility, they are assisted by human or 

environmental conditions.  

In MSN, the sensor deployment is considered to be a very 

challenging task because it affects the quality of network 

coverage and connectivity [4], [5], [6]. During our 

investigation in the area, we have found that many of the 

existing studies are rightly aimed at improving the quality of 

network connectivity and target coverage. However, while 

doing that, little attention was given to the enhancement of 

network lifetime of the MSN. This is why; the objective of 

this work is to fill this gap by proposing the Socratic Random 

Algorithm (SRA), which is aimed at achieving effective 

network connectivity and target coverage while improving 

the overall network lifetime. We prove in this work that it is 

possible to balance the loads of different sensors and improve 

the network lifetime side-by-side. 

The rest of the paper is organized as follows: Section 2 

presents the related previous works, Section 3 presents our 

proposal along with the system model and basic information, 

Section 4 shows the simulation environment, results, and 

analysis of our mechanism, and finally, Section 5 concludes 

this paper with future research directions. 

2. Related Works and Motivation 

In a Mobile Sensor Network, sensors work cooperatively to 

sense, process and route the data to the base station (i.e., sink 

or BS). In performing all these operations, if needed, node’s 

mobility capability is used. There are quite a good number of 

previous works that address these issues, some of which have 

been reviewed in this work. We have chosen those works that 

have explicitly or in some way address the issues of 

connectivity and target coverage problem. Also, we have 

considered the works that mention some kind of node 

mobility in the network. 

An optimal node deployment strategy for WSN is presented 

in [7] that aims to ensure robustness to node failures, reduce 

computation and communication overheads, and guarantee 

good coverage and network connectivity. In fact, coverage 

and connectivity can directly impact the network lifetime and 

operation. The main objective of this work is to obtain 

optimal conditions for connectivity with coverage in wireless 

sensor networks. The authors develop a heuristic for some 

versions of the problem and with thorough simulation 

studies, they show the efficiency of the heuristic. The work 

also determines the probability of finding a path between a 

given pair of nodes over a given topology of WSN, which 

provides a measure of connectivity with coverage of the 

network. 

The work in [8] considers a WSN with uniformly distributed 

sensor nodes. The authors consider a scenario when energy 

hole appears due to the battery exhaustion of some nodes in 

the crucial parts of the network. This kind of hole in the 

network may disconnect some nodes of the network and 

hence, data cannot be properly sent from the disconnected 

portion to the sink even if most of the sensors have enough 

remaining energy. Such energy imbalance in the network 

could prematurely end the lifetime of a part of the network 

while total average energy could still be of significant level. 

Considering such scenario, the authors introduce a theoretical 

structure and develop a sensor placement strategy to tackle 

energy holes problem in corona-based WSNs. In this scheme, 

in each corona, energy consumption is balanced to prolong 

the network lifetime alongside maintaining the coverage and 

connectivity. Experimental results show that the maximum 

network lifetime can be achieved if the energy consumption 

ratio among the coronas could be kept equal (more or less). 

However, the negative aspect of the work is that forming that 

kind of coronas in the network would consume energy. Also, 

if there is a periodic formation or area delineation needed, 

the optimal interval must be studied. Hence, the work is 

based on some unknown factors and strong assumptions 

which have not been supported with adequate information. 

The deployment of mobile sensors is a fundamental problem 

for Mobile Sensor Network as the deployment should aim to 

provide target coverage and network connectivity alongside 

the requirement of allowing mobile sensors.  

Being powered by irreplaceable batteries, sensors are usually 

very much energy-constrained and hence, energy 

consumption should be kept at a minimum. It is also needed 

to minimize the movements of the sensors as any kind of 

movement rapidly drains energy. Indeed, a moving sensor 

node consumes significantly higher amount of energy than a 

mere static sensing node. Keeping these issues in mind, in the 

work presented in [9], the authors focus on moving sensors to 

cover discrete targets and form a connected network with 

minimum movements and energy consumption. 

In [10], Minimum spanning tree topology is used to increase 

the lifetime of network. Reduced Minimum Spanning Tree 

(R-MST) is used to build the network’s topology to curtail 

the amount of packet loss and ensure less delay so that the 

lifetime of the network is increased. The basic vector based 

Fundamental Spinning Tree (FST) is used for the path 

problem.  Network connectivity problem is solved by the two 

algorithms, FST and R-MST to achieve network lifetime. 

Pre-specified sensing ranges of the sensor nodes are achieved 

by simulated annealing and particle swam optimization in 

the work presented in [11]. The Dempster-Shafer theory 

offers different lifetime for sensor terminals with the need 

for Q-coverage. To illustrate a bit here, given an integer 

vector Q, where  is the minimum number of sensors to 

simultaneously cover target , the problem becomes Q-

coverage problem. In [12], the authors present an analytical 

method to increase the WSN’s lifetime by maintaining the 

disjoint groups of sensors. In their method, an individual 

group can provide the whole area coverage at a time. Hence, 

it is possible to keep only one group active at a time in the 
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network. The tessellation form after placing a group of 

sensors is regular rectangle. The experimental results show 

that the method increases the coverage lifetime by more than 

two times of the original lifetime. Multi-Objective 

Deployment Strategy (MODS) [13] for WSN uses several 

objective evolutionary protocols to obtain the optimal 

solution for the deployment problem. The authors consider 

various deployment constraints like cost, coverage, and 

connectivity. 

In [4], coverage and connectivity problems of randomly 

deployed mobile sensors are discussed and the combination 

of algorithms such as the Basic algorithm, the TV-Greedy 

algorithm, and Steiner minimum tree is made. For target 

coverage, Basic algorithm and TV-Greedy algorithm are used 

and for network connectivity, Steiner minimum is used. Here, 

we mention the gist of the two algorithms. 

Basic algorithm: Covers the uncovered region in a network. 

The graph is constructed to determine the minimum clique 

partitions. After obtaining the clique partition, the Extended-

Hungarian algorithm is used to determine which sensor 

should be dispatched to cover the targets in each clique. 

Finally, it reduces the number of sensors that need to move. 

Target based Voronoi Greedy algorithm (TV-Greedy): 

Minimizes the total movement distance of sensors to cover 

targets. In this, sensor node selection is based on independent 

routes, target group, and neighborhood. Steiner minimum 

tree with constrained edge length is used. Initially, the Steiner 

points are needed to connect sensor node with target node. 

To move optimal number of sensors to these points, an 

Extended-Hungarian method is used. By using this, an 

Euclidean minimum Spanning Tree (ECST) is constructed 

and each edge of the spanning tree is separated into the 

sections with length. ECST with Hungarian algorithm is used 

to solve the NCON problem. 

Another work as reported in [14] shows the sensing 

characteristics of randomly deployed Mobile Sensor 

Networks (MSNs). A central theme of the work is that it 

analyzes the coverage redundancy problem for MSNs where 

the sensing ranges are covered with normal distribution. In 

this work, the authors also present a calculation model for 

node redundancy degree which requires no location 

information. It gives an estimation of minimal number of 

working nodes to ensure the network’s quality of coverage. 

Based on the analytical result, ENCP (Energy-efficient 

Nonlinear Coverage Control Protocol) is introduced, which 

could shut down all the redundant nodes satisfying the 

redundancy condition. The authors show that their objective 

of coverage and energy conservation has been met with 

minimal number of nodes. However, as some basic 

requirements/assumptions, the strategy requires that the 

monitoring area is large enough and the sensor deployments 

are highly dense. 

[15] discusses a network scenario with huge surface in which 

several nodes may need to be active in parallel in order to 

converge more rapidly. Quicker convergence means that 

nodes become active or asleep rather than expectancy or 

being in start mode which would lead to energy consumption 

and would decrease the lifetime. By introducing an efficient 

algorithm for the operation in the network, the work 

maximizes the total lifetime. In [16], the authors show that by 

using an efficient algorithm, average number of active nodes, 

average remaining energy of the nodes, network coverage, 

and the average number of control packets can be improved.  

In [17], Multi-Objective Flower Pollination Algorithm 

(MOFPA) is discussed to improve the network coverage and 

minimize the energy consumption. This is an algorithm that 

determines a set of optimal solutions which establish a 

tradeoff between the different objective functions. 

Energy Efficient Connected Coverage (EECC) is proposed in 

[18] to maximize the lifetime of a WSN. Various factors that 

could affect the network lifetime  are: impulsive energy 

hole, communication hole, and coverage hole. Hence, EECC 

takes into consideration some metrics like remaining energy, 

coverage and connectivity as the Quality of Service 

(QoS) metrics. In this mechanism, if a sensor does not 

participate in coverage activity, it has to serve as a relay 

node to lessen the burden of the sensing node. Here, the 

function of a relay node is to relay or forward the sensed data 

from the actual sensing node, i.e., the sensing node is 

involved only at the initial stage of sensing and not for the 

rest of the transmission and forwarding stage. To support this 

strategy, non-disjoint cover sets are formed using three 

things: coverage, connectivity, and remaining energy of every 

participating sensor node in the network. 

In [19], the authors present an extended version of EECP 

(Energy Efficient Coverage Preserving Protocol) [20], which 

determines the set covers based on the coverage probability 

and network lifetime. To dynamically select cluster heads, a 

clustering mechanism is used which is based on the 

remaining energy, distance, and degree of the nodes. 

Maximum Energy Path (MEP) routing algorithm is proposed 

in [21] to improve the energy efficiency of WSN by using 

sink relocation strategy. The authors take a scenario into 

consideration that the distantly located sensors (from the 

sink) relay their data via multiple hops to reach the sink, for 

which the nodes near to the sink need to remain kind of 

always active in forwarding those readings. This kind of 

handling of relatively heavier traffic drains out the energy of 

the nodes located near the sink in a faster pace than that of 

those located at a distance. This could eventually create 

communication holes around the sink and consequently, sink 

could get disconnected from the rest of the network – i.e., 

prematurely ending the network’s intended lifetime. To solve 

this problem, the authors propose relocating the sink to 

different positions to gather the data. This could largely solve 

the communication hole problem and enhance the lifetime of 

the network. Hierarchical Energy Tree based Routing 

Algorithm (HETRA) is proposed in [22] which is based on 

hierarchical energy tree constructed using the available 

energy in each node. The authors show that this algorithm 

performs well in terms of data packets transmitted, overall 

throughput, network lifetime, and data packets average 

network lifetime product. 

Other than these connectivity and coverage related works, in 

a recent work as reported in [1], Logical Energy Tree (LET) 

is constructed in WSN by means of residual energy in each 

sensor node. The authors in this work show that the lifetime 

of the network could be prolonged by using specific or 

https://www.sciencedirect.com/topics/computer-science/energy-efficient
https://www.sciencedirect.com/topics/computer-science/energy-efficient
https://www.sciencedirect.com/topics/computer-science/energy-efficient
https://www.sciencedirect.com/topics/engineering/network-lifetime
https://www.sciencedirect.com/topics/engineering/metrics
https://www.sciencedirect.com/topics/engineering/relay-node
https://www.sciencedirect.com/topics/engineering/relay-node
https://www.sciencedirect.com/topics/engineering/sensing-node
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strategic formation of the network. They propose two routing 

algorithms: LETCSN, with centralized sink node and 

LETSSN, with centralized sink node and secondary sink 

nodes, which operate in a network of sensor nodes deployed 

in some fixed patterns. 

3. Our Proposed Mechanism 

Based on the discussion presented in the previous section, we 

are motivated to propose our mechanism in this section. First, 

we present the system model and necessary assumptions that 

are basically adopted from the work in [4], then mention the 

problem formulation and describe the scheme in detail. 

Table 1. Major mathematical notations used. 
Notation Meaning 

 Distance between the nodes 

 Neighbor node 

 Delay 

 Processing delay 

 Queuing delay 

 Transmission delay 

 Propagation delay 

 Position of target  

 Identity of a node 

 Coverage radius 
 

 3.1   System Model and Assumptions 
 

Let there be p targets,  with known 

locations to be covered and q mobile sensors, 

 that are randomly deployed in the AoI. 

The working method of the system is as follows: 

1. Each sensor knows its own position using a built-in 

GPS (Global Positioning System) unit or by means 

of some kind of localization service in the network.  

2. A sensor is able to choose the correct shortest path 

to the destination based on node’s energy.  

3. The system determines where the sensors should 

move (if needed) and which sensors should move in 

order to guarantee various performance aspects of 

the network. 

4. There are two key models in the system: first one is 

the network model, with the sensing radius  and 

the communication radius  respectively. Multiple 

sensors cover a sink. Each sensor can cover more 

than one target with some concentric circle. The 

other is the mobility model that describes that the 

sensors can move whenever needed towards any 

direction. Also, they are capable of stopping 

anywhere in the target area. 

5. Energy consumption required for a sensor’s 

movement is represented by the distance that it 

moves. The movement distance of sensor  to cover 

target  is denoted by , i.e.,  is the 

distance between  and . Likewise, the movement 

distance of sensor  to connect with sensor  is 

. 

3.2   Definitions 

Considering the scenario mentioned above, let us note down 

the basic definitions we would use:  

Definition 1: Mobile Sensor Deployment (MSD) problem – 

If there are  targets with known positions and  mobile 

sensors that are randomly deployed on the target area, the 

MSD problem tries to find the minimum number of 

movements to be done by the mobile sensors. If a sensor 

moves to a new location, the following objectives should be 

met:  

1. At least one mobile sensor covers every target.  

2. The network formed by all the moved sensors 

should still be a connected one.  

Definition 2: Target Coverage problem - Given  targets 

with known locations and q mobile sensors deployed 

randomly on the configuration area, move sensors to new 

positions so that all the targets are covered and the total 

number of sensor movements is reduced.  

Definition 3: Network connectivity problem - Given a sink 

(or, base station), set of coverage sensors and rest of the 

mobile sensors after the target coverage problem is solved, 

network connectivity issue seeks deployment of the rest of 

the mobile sensors to connect coverage sensors and the sink 

with minimum movement. 
 

3.3   Socratic Random Algorithm (SRA)  
 

In this section, we propose the Socratic Random Algorithm 

(SRA) which improves the target coverage and network 

connectivity while taking care of the overall lifetime of the 

network. Before describing our algorithm, we refer to Table 

1 that shows the major mathematical notations used in the 

paper. 

In the MSN, the mobile sensors are deployed in a random 

manner to identify the sink node via intermediate nodes. 

Among several groups of sensors, normal sensors are 

subdivided into clusters as shown in Figure 1. Each cluster 

has a target, some normal sensors, and a Cluster Head (CH). 

The data to be sensed are collected by the CH and transferred 

to the Base Station (BS or sink – these terms are used 

interchangeably in this paper) and then the processed 

information is sent to the normal sensor of another cluster 

group through CH. 

 
Figure 1. System architecture. 

The basic idea of SRA is to select the nodes based on the 

random approach for target coverage [23] which helps 

improve the network lifetime by means of target coverage 

and network connectivity, packet delivery ratio, and the 

overall, energy consumption of the network. The algorithm is 

presented in Figure 

__________________________________________ 
SRA Algorithm: 

Input: ;     //Positions of targets 

;            //Number of sensor nodes  

;                                        //Coverage radius  



294 
International Journal of Communication Networks and Information Security (IJCNIS)                                         Vol. 11, No. 2, August 2019 

 
//Condition and IP address of the nodes   
Output:     //Identification of the nearest nodes  

1 Deploy the sensors 
2   Determine  between each node  

3   Find the                           // Nearest neighbor node 

4   Calculate  from the received packets using the equation: 

                              

5   Send the packet to receiver in its own time slot  
6   check Bit Error Rate and noise for every packet  
7   if conflict occurs; then  
8         Record conflict message 
9         return to 6  
10  else   
11    Send packet to all neighbor nodes  
12    Process and send to base station 
13        return  

____________________________________________ 
Figure 2. Pseudocode for SRA. 

 

The flow diagram of SRA algorithm is shown in Figure 3. 
 

 
Figure 3. Flow diagram of SRA. 

By using Steiner minimum tree with constraint energy length 

solution [4], Figure 4(a) shows the random arrangement of 

number of movable sensors and Figure 4(b) shows the 

sensors moving to another location and they are 

interconnected with the nearest neighbor nodes in order to 

minimize the movement distance. It is also used to reduce the 

number of sensors that have to be moved. 

The problem can be solved with the following steps: 

• Construct Steiner edge length tree covering all the 

sensors and the sink node. 

• Relocate the rest of the mobile sensors to connect sensor 

node and sink node. 

• Dispatch the dedicated sensor to cover each target. 

 
                          (a)                                  (b) 

Figure 4. Illustration of Steiner Minimum Tree: (a) Initial 

position of sensors; (b) Relocation of sensors.  

4. Experimental Analysis 

We used ns-2 simulator [23] for our simulation experiments. 

The core simulation parameters are shown in Table 2. In our 

setting, we consider that at the initial stage, all sensors have 

the same amount of energy. There are also some tunable 

parameters: 1) the number of sensor nodes, ; 2) network 

coder sensor. The Figure 5(a) shows the random initial 

deployment of 100 nodes and Figure 5(b) shows the output 

window showing the simulation scenario of the proposed 

system with concentric circles at 2.42ms.  
 

Table 2. Simulation Parameters. 

Parameter Value/Type 

Simulation Area 1500m × 1500m 

Number of Nodes 100 

Channel Wireless Channel 

Propagation Free-Space 

Network interface type  Wireless physical interface 

Mac-type Mac 802.11 

Interface queue type Drop-tail 

Antenna Omni-antenna 

Routing Protocol BTS/TV/EX-H/SRA 
 

 
(a) 

 
(b) 

Figure 5. Simulation scenario. (a) Initial deployment of 

nodes; (b) Deployment of nodes with concentric circles. 
 

4.2   Simulation and Analysis 
 

SRA has been implemented in ns-2 with the required 

performance parameters such as, energy consumption, packet 

delivery ratio, network connectivity, latency, and 

transmission range. The simulation results have been 

compared with the Basic TV Greedy Steiner (BTS) 

algorithm, TV Greedy, and Extended-Hungarian (EX-H). 

The rationale behind this is to find a common platform for 

the compared parameters. 
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Figure 6(a). Energy vs. Time. 

 
Figure 6(b). Packet Delivery Ratio vs. Time. 

 
Figure 6(c). Data Packets delivered vs. Transmission Range. 

 

Finally, the Figure 6(e) shows that the network connectivity 

is increased in case of SRA than the other routing algorithms. 

In all cases, SRA’s performance is significantly higher than 

that of the other routing algorithms. 

Figure 6(a) shows the energy consumption for BTS, TV 

Greedy, Ex-Hungarian, and SRA. It shows that the SRA 

routing algorithm consumes relatively lower power than that 

of the other routing algorithms. Figure 6(b) is plotted with 

the packet delivery ratio and time, which shows that the 

packet delivery ratio is maximum for SRA when compared to 

BTS, TV Greedy, and Ex-Hungarian. 

Figure 6(c) is plotted with the data packets delivered and 

transmission range. The data packets delivered are maximum 

when the transmission range is increased. This also shows 

that SRA performs better than the other routing algorithms. 

Figure 6(d) is plotted for the latency and transmission range. 

This figure shows that SRA has relatively lower latency than 

the other compared routing algorithms.  
 

 
Figure 6(d). Latency vs. Transmission Range. 

 
Figure 6(e). Network Connectivity vs. Time. 

 

Overall, our approach shows some notable gains against the 

existing alternatives. While the implementation considered an 

environment with a set of pragmatic assumptions, in other 

settings also, the algorithm could show good gains because of 

its inherent working mechanism. 

5. Conclusions and Future Works 

In this work, an efficient routing algorithm named, Socratic 

Random Algorithm (SRA) is proposed and implemented. The 

issues of TCOV, NCON, and network lifetime are the main 

issues considered for Mobile Sensor Networks. SRA 

provides an optimal solution for such a setting and helps 

minimize the sensors’ movements.  

By applying our algorithm, in case of sending data from the 

sensor node to sink node, the speed of transmission increases 

while it efficiently solves the TCOV and NCON problem. 

Hence, the proposed algorithm successfully overcomes the 

issues of TCOV and NCON in MSN and increases the 

network’s lifetime. The performances of the SRA routing 

algorithms are compared with the existing classic routing 

algorithms: BTS, TV Greedy, and EX-H. The results clearly 

show that the routing protocol SRA performs better than the 

existing algorithms.  As our future research, we would like to 

work on the security of the system by deploying symmetric 

encryption key algorithm like AES (Advanced Encryption 

Standard). Also, we would like to explore the possibility of 

dynamic increase of the target coverage and network lifetime 

for which, mechanism like Sink Trail [24] may be considered 
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especially in a dynamic Wireless Sensor Network [24], [25] 

setting. 
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