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Abstract 
 

In Wireless Sensor Networks (WSNs), a valuable resource is an energy. 

Entire network communication will get collapse if there is a minimization in 

nodes' energy. So, after network deployment, there is a need to monitor 

energy consumption continuously. For energy-efficient packet transmission, 

clustering can be used and successful routing can be done by using optimal 

path selection. For best path optimization, particle swarm optimization is 

used in existing works. However, particle swarm’s exploration ability is 

restricted by this scheme, this is a major drawback of it. A convergence 

improved Particle swarm optimization [CIPSO] is introduced for overcoming 

this issue. With respect to network lifetime and energy consumption, the 

proposed technique's effectiveness is demonstrated in experimental results.  

 

Keywords: Path selection, Routing, Energy consumption, Particle swarm 

optimization, Clustering. 

 

1 Introduction 
 

A class of wireless ad hoc networks is Wireless Sensor Networks 

(WSNs), where, from the physical environment, data are acquired, processed, 

and communicated by sensor nodes to an external Base-Station (BS). 

However, there are various challenges in these networks like, in WSNs, 

sensor nodes are battery-powered in general and so, for avoiding sensor 

lifetime’s early termination, energy needs to be used carefully. So, in WSNs, 
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a highly important topic is network resources continuous monitoring Gao et 

al., Mostafaei et al., [1-2]. 

Kaswan et al [3] selected RPs using an efficient scheme to construct a 

path for a mobile sink in WSNs. First generated a potential position set using 

proposed techniques, which can be used as a possible RPs position. Next, to 

select minimum potential positions count as RPs, a greedy algorithm is 

proposed. 

He et al [4] implemented a data collection algorithm having a mobile 

sink to balance network energy. For selecting a suitable data collection points 

set, and for constructing a path for collecting data, mixed integer 

programming is used in this algorithm. The wireless sensor networks' 

lifetime prolonging is a major purpose of this algorithm.  

In various environmentslike power plants and various distributed 

systems, already investigated this same concept. As shown in various recent 

experimental studies in the sensor networks field, where employed low 

power radio transmission, better results are produced by wireless 

communication. In recent work, particle swarm optimization is used for 

addressing routing and energy-efficient clustering issues in WSNs, with 

network lifetime maximization objective. Wang et al., Zhang et al. [5,6]. 

At first, for WSNs, clustering based on an efficient computation is 

proposed. In the second stage, for WSNs, a routing path selection algorithm 

is proposed. An efficient metric is defined, which can be used in routing for 

next-hop selection. However, particle swarm’s exploration ability is 

restricted by this, which is a major drawback of this technique. A 

convergence improved Particle swarm optimization is introduced in this 

work for overcoming these issues Pavithra et al., Han et al. [7, 8] 

For mobile, a path can be constructed using these RPs. With few 

available algorithms, the proposed algorithm is simulated and various 

performance metrics like path length, average waiting time, and RPs number 

are used for comparing the results and for showing the proposed algorithm’s 

effectiveness Azharuddin et al., Edla et al. [9,10]. 

The splitter network and fully connected network can be applied to this 

algorithm. With respect to energy consumption and network lifetime, better 

performance is shown by the proposed algorithm is shown in the simulation 

result Na et al., Azharuddin et al. [11, 12]. 

 

2 Proposed Methodology 
 

A detailed description of the proposed energy-efficient optimal routing 

path selection model is presented in this section. In this model, network 

nodes are clustered and according to nodes residual energy, cluster heads are 

selected. Then, using an optimum path selected based on improved Particle 

swarm optimization’s convergence, this sensed information is transferred to 

the base station. Figure 1 shows the proposed model’s overall architecture.  
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Figure 1The Overall Architecture of the Proposed Model. 

 

2.1 WSN and Its Energy Model 
 

In the sensing area, distributed the wireless sensor nodes as shown in 

figure 2 for detecting specific targets and for sensing data. After that, through 

wireless communication, data are sent to the base station which is 

represented as BS or to sink by sensors. The connection to a switching center 

is done using a BS node, where, switching center is performed as a gateway 

between the Internet and WSN. 

In addition, distinct groups are formed by clustering sensor nodes in 

cluster-based WSN, which are termed as clusters. There will be a cluster 

leader for every group and every wireless sensor is clustered into any one of 

the clusters. There are various advantages in WSN based on clustering, for 

example, in WSN routing, requires only the management of cluster heads and 

it consumes only a small amount of energy. 

However, in WSN routing based on clustering, an extra energy supply is 

required by cluster heads, which includes, reception of sensed data, which 

are transmitted from sensor nodes, aggregation data, dissemination of data to 

the base station. Hence, in WSN routing and clustering, it is highly important 

to manage energy effectively. 

 
 

Figure 2Information Transmitting Process of WSN 
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2.2 Nodes Clustering and Head Selection 
 

The WSN’s working period is organized to around mode, where location 

packets are received by the base station and for all sensor nodes, it also 

receives, rest energy. A sensor node is regarded as a cluster head candidate if 

a sensor node's residual energy is greater than all of its neighbors residual 

energy. Figure 3 illustrates the round’s internal structure in WSN. In setup 

phase, clusters are constructed and suitable cluster heads are selected. If all 

sensors centroid point is represented as CP and it is calculated as, 

   
 

 
 .∑   

 
   (1) 

Where j
th
 sensor’s coordinate is referred as Xj. Between all sensors to 

centroid point CP, distance is expressed as,  

    
 

 
 ∑  (     ) 

   (2) 

Where, between CP and Xj, distance is represented as d (Xj; CP) . After 

that,  based on distance, various clusters are formed by grouping sensors, in 

the tth iteration, j
th
 sensor is assigned to i

th
 cluster if Xj is close to cluster 

centroid ci as,  
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A new cluster centroid is updated using below expression during sensor 

classification. 
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Where, in i
th
 cluster, sensors count is represented as Num(        

 ). 

 

 

 
 

Figure 3 theInternal Structure of a Round in WSN 
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2.3 Path Selection Using Convergence Improved Particle Swarm 
Optimization 
 

Then, the clustering of sensors is performed. After that, the data 

transmission process is initiated. The data like rest energy, position, and data 

packet which are sensed by non-cluster head nodes are transmitted to cluster 

head. In the following part, Modified particle swarm optimization based 

WSN energy-constrained clustering routing algorithm is illustrated.  

For enhancing the standard PSO algorithm’s performance, in a swarm, an 

effective balance between particle exploitation and exploration are 

maintained. The basic concept is that both global and local optima’s diversity 

is maintained. The working of PSO is shown in fig. 4. 

For realizing this, at the current iteration, these optima’s are perturbed 

randomly, which is a very natural way. Between particle position and local 

best solution or between particle current position and current global best 

solution, these perturbations are applied in standard PSO algorithm Kumar et 

al. [13]. 

 

 
Figure 4 Working Procedure of PSO 

 

Initial Population 

The problem of parameter value selection is modeled as a mathematical 

model. For computing, an optimum parameter value’s optimum subset 

expressed the problem of parameter values selection as an optimization 

problem.  

For specified parameters set F, a vector Fi= fi, 1, fi, b, . . ., fi, j, . . ., fi, is 

used to represent it, where, all values count is represented as t, data sample 

number is represented as i. Assume, best  parameter values new subset as FS, 

SFi= si, 1, si, 2, . . .,  si, j, . . ., si, with anew length m, which selection 

algorithm generated, s ij {0, 1}, j = 1, 2, . . ., m. In sample number i, if si, j= 1 

corresponds  

to selection of jth best as information best. But, in data sample number i, if 

si,j= 0 corresponds to non-optimal or hidden value of jth  values. 
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Solution   representation 

A sample features subset is represented by every solution or particle in 

the selection problem using the PSO algorithm. A particle or position 

collection is included in the PSO swarm, which is used for representing 

binary vectors as in row and some positions called parameters are included in 

every particle. In the sample, one feature is represented by every position. 

The j
th
 feature’s situation is specified by j

th
 position in particle. 

 The PSO algorithm based parameter selection technique is applied, 

random solutions are used for initializing it an optimal global solution is 

reached by enhancing the solution. A Sample parameter values a new subset 

is designed using the optimum solution. In a specified dataset, every unique 

parameter values are considered as one search space.  

The j
th
filter size is selected as the best one, if the position of j is equal to 

1, j
th
 size is not selected as size, if position j is equal to 0. Exclusion of j

th
 size 

in the original document is indicated with the position of j with the value −1. 

Fitness   function 

Every candidate solution specified using feature selection algorithms for 

tackling the problem of parameter size selection is evaluated using fitness 

function(FF) as an evaluation measure. For all candidate solutions, the fitness 

function is calculated by every generation. If there is an increase in solution 

quality, the current solution will be replaced with this solution and vice 

versa. 

In PSO algorithm, the optimum solution corresponds to the solution 

having high fitness function and it is utilized for solving current documents 

selected parameter values. For parameter values selection problem, in the 

PSO algorithm, classification accuracy is used as a fitness function in this 

work. However, standard PSO is having a premature convergence problem 

and it can easily be trapped into local minima.  

Particle swarm’s exploration ability restriction is a major drawback of 

this scheme. So, perturbations are directly applied to the global best solution 

and local best solution computed so far in the proposed system for widening 

particle swarm’s exploration ability. Metropolis algorithm (MA) can be used 

for generating those kinds of perturbations. The PSO algorithm’s 

computational complexity may be increased by a probability density function 

(PDF). 

So, a simple way is adopted for generating random perturbations as in 

the standard PSO algorithm. In a swarm, particle convergence process 

enhancement is focused as a second objective in this enhanced PSO 

algorithm. This prevents all the particles from flying far away from feasible 

search space.  

In Algorithm 1, the proposed improved PSO algorithm is formulated by 

considering the above-mentioned points. In expression (3), random variables 

that are distributed uniformly are represented as r3 and r4 and it lies between 

[−ε, ε], where, the constant value is given by ε. For speeding up the  
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convergence, online, it can also be tuned adaptively. Figure:5. Shows the 

Best solution updation. 

 
Figure 5Best Solution Updation 

 

Algorithm 1 Improved PSO Algorithm 

Input: cluster head set H1,H2,H3,….HN, gateways set 

(NH(   , next-hop count, 

Output: Data transmitting route. 

Assign constant w and other control parameters. 

For every particle iin population 

Particle position and velocity are initialized randomly 

End 

Do 

For every particle iin population 

Fitness value is computed and evaluate move 

If current fitness value is better than xp,iin history 

Assign current value as new xp,i 

End 

Particle having best 

fitness value is selected as global best solution xg, 

from entire population or prescribed neighborhood 

topology, 

For every particle iin population 

Based on 

following equation, particle velocity is computed, 

vi(t + 1) = wvi(t) + [(1 + r3)xp,i(t) − xi(t)]/3 +[(1 + 

r4)xg(t) − xi(t)]/3 (3) 

The following relation is used for updating particle 

position: 

xi(t + 1) = xi(t) + vi(t + 1) (4) 

End 

While maximum iterations or minimum error criteria is not 

satisfied. 
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3 Results and Discussion 
 
The MATLAB R2014a is used for implementing the proposed model. In 

the simulation, the range of wireless sensor nodes lies between 200 to 700 

and gateways lies between 60 to 90. The 2J energy is set as the initial energy 

of every wireless sensor and 10J is set as every gateway’s initial energy. 

With respect to energy consumption and network lifetime, available PSO and 

GD techniques are compared with the proposed CI-PSO model. Performance 

comparison results for network lifetime is tabulated in Table 1. 

 
Table 1.Performance Comparison Results for Network Lifetime 

 

 

No of nodes 

                           

Methods 

GD PSO CI-PSO  

100 74 76 81 

200 76 81 84 

300 81 83 86 

400 84 86 88 

 
Figure 6 Network Lifetime 

 

Network lifetime performance metric comparison results between 

available PSO and GD techniques and proposed CI-PSO technique are 

shown in figure 6. Around 88%ofnetwork lifetime, results are produced by 

the proposed CI-PSO model, which is very high when compared with 84% of 

PSO and 86% of GD techniques as shown in that result. Performance 

comparison results for Energy Consumption (mj) are tabulated in Table 2. 
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 Table 2Performance Comparison Results for Energy Consumption (Mj) 

 

No of 

nodes 

                            Methods 

GD PSO CI-PSO  

100 0.12 0.06 0.05 

200 0.09 0.05 0.04 

300 0.08 0.04 0.03 

400 0.05 0.03 0.02 

 

 
Figure 7Enerygy Consumption (mj) 

 

Energy consumption performance metric comparison results between 

available PSO and GD techniques and proposed CI-PSO technique are 

shown in figure 7. Around 0.02 (mj) energy is consumed bythe proposed CI-

PSO model, which is very less when compared with 0.03 (mj) consumption 

of PSO and 0.05(mj) consumption of GD techniques as shown in that results. 

Performance comparison results for throughput is tabulated in Table 3. 

 
Table 3 Performance Comparison Results for Throughput 

 

No of nodes                                   

Methods 

PSO  GD    CI-PSO  

20 428 430 459 

40 410 420 438 

60 380 379 388 

80 331 350 369 

100 340 352 325 
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Figure 8Throughput 

 

Throughput performance metric comparison results between available 

PSO and GD techniques and proposed CI-PSO technique are shown in figure 

8. Around 459(kbps) Throughput is achieved by the proposed CI-PSO 

model, which is very high when compared with   428(kbps) of PSO and 

430(kbps) GD techniques as shown in that results. 

 

4 Conclusion and Future Work 

 

For WSNs, clustering protocol and energy-efficient routing based on 

improved particle swarm optimization is proposed in this work. An energy-

efficient mechanism is used for selecting CH. With respect to alive nodes 

count and residual energy, better performance is exhibited by the proposed 

protocol when compared with available routing protocols as shown in 

simulation results. So, in the wide sensor networks area, the proposed 

scheme can be used, where the critical issue is energy efficiency. However, 

in the network, security issues are not considered in this work and it may 

produce packet loss. In future work, this may be focused. 
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