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1. INTRODUCTION 
The uses of WSN have been increasing gradually without any kind of limitations. The different types of applications use 

different types of networking topology which further follows the variable constraints and characteristics. Apart from this 

some of the issues are common that make them homogenous. The deployment of the nodes at the appropriate location is also 

a quiet difficult task to perform. The applications of WSN are listed as below [3]: 

 Wireless sensor networks can be utilized in various fields like environmental tracking. For example:  forest discovery, 

tracking of animals, detection of flood and prediction of next day weather. WSNs are also used in commercial fields. For 

example: forecasting of seismic activities.  

 In defense field, like tracking and environment examining supervision applications require these types of networks. In 

sensor network the nodes are operated at remote locations and perform as per the requirements of user. Opponent 

tracking, safety detections these operations are able to perform by implementing these types of networks.  

 Applications related to health issues, like monitoring of patients and these types of WSN are used by the doctors. 

 Wireless sensor networks are usually used in transport system related application like supervising traffic flow, 

controlling dynamic routing techniques, control and direct the vehicle parking area etc. 

Quick action at the time of emergency, controlling the industrial activities, automatic controls the temperature of building, 

ecological unit and surroundings monitoring etc. 

As the clustering is the major task to perform in wireless sensor network. The cluster head selection relies on various factors 

such as energy consumption of the nodes, distance, delay etc. Hence, the way of cluster head selection highly influences the 

performance of the network.  

In previous study a problem was extracted which defines that traditionally QABC optimization algorithm was used to 

optimize the cluster head selection process but it lacks at the process of fitness function evaluation. Hence a new mechanism 

was suggested in previous study which was based on optimization of the fitness function for electing the cluster heads in the 

network. In order to optimize the fitness function, fuzzy inference system has been suggested [4].  
 

2. OPTIMIZATION TECHNIQUES 

This section of the paper describes several optimization algorithms which highlights their merits and demerits along with 

noble features. The algorithms involved are ABC (Artificial Bee Colony) algorithm and FIS.  

 

2.1 Artificial Bee Colony Algorithm 

This algorithm was initially proposed by Dervis Karaboga in the year of 2005. It has three stages of adopted bee, spectator 

bee, scout Bee. At the adopted bee and spectator bee stage, the bees utilize the source by local search near selected solutions 

based on deterministic selection. At the adopted bee stage and at the viewer bee stage, we make stochastic choices. In the 

Scout Bee Phased, analogy of abandoning tired sources of food in the search process, solutions that are not beneficial to the 
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progress of the search are abandoned and new solutions are inserted to explore new areas within the search space. This 

algorithm has well-balanced exploration and exploitation capabilities. 

 

2.2 Fuzzy Logics 

Fuzzy is applied in various fields such as engineering, studies, medical etc in order to derive a decision. Fuzzy system is easy 

as well as simple to understand and implements. Fuzzy system is a logical system which is in the form of many-valued logic. 

The truth table of these values lies between the range of 0 and 1, since Boolean logic supports the 0 and 1 only and considers 
the result either 0 or 1. It also supports the elements which are surrounded by the set may either have partial degree of 

membership means either element belongs to a set or not. These degrees are managed by any particular functions when 

applied with the linguistic variables. Fuzzy use linguistic variables in addition to quantitative variables in order to present 

vague concept. Membership function defines mapping of a membership value between 0 and 1 in the given input space. 

Universe of discourse is another term used for input space. Then defined rules are applied to the fuzzy input set driven by 

applying fuzzification. On the basis of rules an intelligent decision is taken and then the fuzzy sets are converted to the crisp 

values back by applying the Deffuzification.  

 

 

 

 

 
 

 

Fuzzy Input                                                                     Fuzzy Output 

 

Figure 1. Working of Fuzzy Logic Based System 

Fuzzy Rules 

Fuzzy logics have dual core nature on one hand it act as a rule based system and on other side it is also a non linear mapping. 

In order to understand the transformation of IF-THEN rules into non linear mapping  

 

3. PROBLEM FORMULATION 

Energy Efficient routing protocols are specifically used for WSN so that a qualitative communication can be established 
among the nodes and sink station. While performing random selection of cluster heads in LEACH protocol various 

parameters like remaining energy of the sensors, location and density of the nodes are not considered. Therefore, Quantum 

Artificial Bee Colony algorithm is introduced for routing in WSN. The advantage of QABC algorithm is that it considers the 

remaining energy, location and density of the nodes and energy consumption. The experiments done by using QABC proves 

that the algorithm outperforms other techniques by decreasing the amount of energy consumption. But after having a review 

to the related work it was extracted as a conclusion that by considering the other factors for WSN performance enhancement, 

the optimization algorithm that was QABC, not that much effective and the fitness function used for the optimization 

algorithm was only considering distance not the rest considered factors as leftover energy, node location and density along 

with the energy consumption.  Hence there is a requirement to perform some advancement on optimization module of the 

current WSN protocol. 

 

4. PROPOSED WORK 

As it was analyzed the consideration of the load energy etc. done in the traditional QABC has no role in the CH selection. 

This approach was dependent on only distance for the CH selection but there is need to develop an approach which will not 

only work for the QoS also make the network dependent of the variations in these parameters. Also QABC algorithm used 

for the optimization is complex and not capable to provide effective solutions as its updation strategy is quite normal. So in 

the proposed work a new approach using a Hybrid of Fuzzy-GA will be used for the CH selection with the dependency of all 

factors used in traditional protocol in the fitness function for CH selection. This will lead the proposed model efficient 

enough to choose CH and make network dependent on the all QoS factor considered in traditional approach. 
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Figure 2 Proposed Flowcharts 

5. RESULTS 

The proposed work implements the fuzzy inference system for selecting the CH. In FIS the whole processing starts by 

defining the input membership functions. 

The graphs in figure 3 depict the input membership functions of the proposed work. The degree of all defined membership 
function is considered between 0 and 1. In 3 (a) graph represents the distance membership function which ranges from 0 to 

100. In 3 (b) the graph portrays the residual energy which starts from 0 and ends at 0.5 joule. In 3 (c) the hop counts is 

depicted and in 3 (d) membership function of election rate is illustrated.  
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                                                    (c) Hop Count                      (d) Election Rate 

Figure 3 Membership Function of proposed work 

System ElectionRate: 3 inputs, 1 outputs, 27 rules
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Figure 4 Proposed fuzzy inference system 

 

The fuzzy inference system works upon the basis of the input membership functions and generates the output by evaluating 

the input by using defined set of rules. The figure 4 shows the proposed fuzzy inference system which is comprised of 3 input 

membership functions and 27 rules are used for generating the output i.e. election rate. For this purpose Mamdani fuzzy 
inference system is used.  

The image 5 shows the rule viewer of the proposed work. In this there are total 27 rules which are used for generating the 

output. The figure represent that when the distance is considered as 50, residual energy is considered as 0.25 and hop count is 

25 then the election rate is evaluated to be 60. 

 

 
Figure 5 rule viewer of the proposed FIS 
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Figure 6 Number of surviving nodes in the network 

 
The graph in figure 6 portrays the comparison of proposed work and QABC on the basis of the number of survival nodes in 

the network. The surviving nodes refer to the alive nodes in the network which have the efficient amount of energy to survive 

in the network. In graph the y axis represents the number of surviving nodes that starts from 0 and ends at 120 and x axis 

shows the number of communication round from 0 to 3000. The graph makes it clear that the number of surviving node is 

high in proposed work as compare to the QABC. In traditional techniques a fall can be seen in the number of the survival 

nodes when the network has completed 99.56 rounds of communication but in case of the proposed work the number of 

survival nodes is evaluated to 79 even after the completion of the 3000 communication rounds. The network reliability is 

evaluated on the basis of the output generated by the system. 

The graph in figure 7 shows the comparison of the proposed work and traditional work on the basis of the reliability of the 

network.  The y axis represents the value of reliability that ranges from 0 to 1.4 and x axis shows the number of 

communication rounds. The reliability of the system decreases gradually after completing the 570 communication rounds in 
case of traditional techniques and in case of proposed work the reliability is evaluated to be higher in comparison to the 

QABC.  
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Figure 7 Network reliability of the network 
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Figure 8 Energy Consumption in network 

 
The figure 8 represents the comparison of proposed and traditional work with respect to the energy consumption level of the 

nodes. The x axis in graph below shows the number of communication rounds and y axis shows the amount of energy 

consumption which varies from 0 to 100 joule. The graph proves that the energy consumption in case of proposed technique 

is lower in comparison to the traditional techniques. As per the values observed from the graph, it can be said that the higher 

energy consumption of the noticed in proposed work is near by 56.2 joule whereas in case of traditional work it is evaluated 

to be 98.98 joule till the end of 998 communication rounds. 

The graph in figure 9 represents the graph that portrays the comparison of proposed and traditional technique in terms of 

simulation time taken to produce the qualitative output. The x axis in graph shows the QABC algorithms and proposed 

algorithm for cluster head selection. The y axis depicts the simulation time which varies from 0 second to 6 seconds. The 

graph shows that the QABC algorithm takes the highest simulation time which is near by 6 seconds and proposed work takes 

lesser time for the simulation which is near by 1.54 seconds.  
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Figure 9 Simulation time taken by the proposed work and traditional work 

 

Hence it can be said that the proposed work is more efficient in each and every mean from rest of the traditional techniques. 
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Table 1: Comparative Analysis 

 

 

 

 

 

 
 

 

 

           

Table 2 Simulation Time 

 

Techniques Simulation Time (sec) 

QABC 6 

Proposed Technique 1.54 

 

 

6. CONCLUSION 

After having a review to the previous work that has been conducted by various authors in the field of cluster head selection in 

WSN it is concluded that the evaluation of the fitness function was not efficient. Thus an initiative of using fuzzy inference 

system to optimize the fitness function was mentioned in the previously generated research along with the results that 
represents the effects of the proposed method on the performance of the network. The table 1 calibrates the data in the form 

of comparison of proposed and traditional schemes with respect to four different parameters as number of Surviving nodes, 

network reliability, energy consumption, and simulation time. As it can be observed that the number of surviving nodes in the 

case of proposed work is 85 whereas in case of QABC it is 0 respectively. The network reliability of proposed work is 0.86 

which is quite high in comparison to the rest of the techniques. The energy consumption of a network should be low so that 

the network can remain alive and operational for long time. The energy consumption level of proposed work is 49.68 joule 

and for other techniques it is 100 joule respectively. It is proved that the energy consumption level of the proposed work is 

lower than the QABC algorithm which makes the proposed work more efficient. The simulation time is another parameter 

that is considered for performance evaluation in proposed work. The numbers that are represented corresponding to 

simulation time in table 2 proves that the proposed work consumes less time for simulation i.e. 1.54 sec which is quite much 

lower than the 6 sec in case of QABC respectively. From this it can be said that the proposed work is better than the QABC 

algorithm in terms of network reliability, number of surviving nodes, simulation time and energy consumption.  In this work 
it is concluded that the optimization of fitness function for CH selection with FGCHS (based FIS) proves advantageous in the 

terms of energy consumption, simulation time, reliability of the network and number of alive nodes in the network.  

In future more advancement can be done by enhancing the QoS parameters for routing approach such as delay etc and further 

the work can be done by considering the mobility of the sink node. 
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