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Abstract: Major issue in the designing of wireless sensor network is network lifetime. In order 

to increase the network lifetime, the sensor node must be able to use minimum energy to transmit 

the data to the base station. This can be achieved by using a technique known as clustering. In 

clustering method the sensor nodes are grouped into clusters and only cluster head transmit the 

aggregated data to the base station. In this paper our focus is to reduce the energy consumption 

and hence increase stability period and lifetime of homogeneous wireless sensor network by 

using LEACH and Fuzzy logic. Here we propose an algorithm in which cluster head is selected 

using LEACH protocol for fifty percent of the network energy and switch to cluster head 

election using fuzzy logic system for rest of the network energy. The proposed algorithm has 

been compared with LEACH-R. The results show the proposed technique performs well with 

respect to the network lifetime over LEACH-R. 

Index Terms - WSN, Routing Protocol, LEACH, Fuzzy Logic System. 

 

I Introduction 

Wireless Sensor Network is an arrangement in which hundreds or thousands of sensor nodes are 

arranged in the form of a network and use radio frequencies to perform required task [1]-[6]. 

Sensor nodes capable of measuring and reporting physical variables related to their environment 

like temperature, pressure, sound vibrations etc [7]. Data collected by the sensors are transmitted 

to a special node equipped with higher energy and processing capabilities called   sink or base 

station. A general architecture of sensor network has been shown in the figure 1. 

 

Fig. 1 Sensor Network Architecture [8] 

It consists of several sensor nodes and a sink node also known as base station. All nodes are 

connected together by radio link and have capability to transmit and receive the data from other 
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nodes. As sensor node can perform measurement in a limited area so large number of sensor 

nodes are used to capture a big area. All nodes send their data to the sink node or base station. 

Sink node process and compile the data to extract useful information. Three basic type of tasks 

are performed by wireless sensor network are sensing, processing and communication. Rest of 

paper is divided into six sections. Section II gives the overview of LEACH protocol, section III 

gives introduction of Fuzzy logic system. Section IV represents overview of related work. In 

section V we describe proposed methodology. In section VI we describe our performance 

evaluation. Section VII represents conclusion and future scope followed by references.  

 

II LEACH Protocol 

 

Low Energy Adaptive Clustering Hierarchy is a TDMA-based MAC protocol which is integrated 

with clustering and a simple routing protocol in wireless sensor network. The goal of LEACH is 

to lower the energy consumption required to create and maintain clusters in order to enhance 

lifetime of WSN. LEACH uses probabilistic model to select the Cluster Head. The Leach 

protocol defines the work time as rounds and every round consists of two stages- first is setup 

stage (Cluster Head selection) and second is steady stage (data transportation). In LEACH to 

become a cluster head, each node n generates a random number between 0 and 1. If the number 

is less than threshold value the node becomes the cluster-head for the current round. Cluster-

heads can be chosen stochastically (randomly based) on this algorithm [9]: 

𝑇 𝑛 =

 
 

 
𝑃

1 − 𝑃  𝑟 𝑚𝑜𝑑  
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    𝑖𝑓 𝑛 ∈ 𝐺 1 

0                                              𝑒𝑙𝑠𝑒       
 

 

 

Here, T(n) is a threshold value. P is probability of cluster head nodes among all the nodes of 

network, r is the round number, r mod (1/P) is calculated on behalf of no. of nodes which elect as 

cluster head in a round. G is the set of nodes which are not selected as a cluster in former round. 

When a node is selected as a cluster head then that node send a message to all nearby nodes. All 

nodes join nearest cluster head. Cluster head allocates TDMA time slot information to all nodes 

in same cluster. When cluster head is joined and TDMA slot is fixed, normal nodes transmit the 

data to cluster head and cluster head transmit data of all its member nodes to the base station.  

 

III Fuzzy Logic System 

 

Fuzzy logic deals with fuzzy sets. Fuzzy logic calculates the truth value lies between 0 and 1. By 

contrast, in Boolean Logic, the truth values of the variables may only be the integer values 0 or 

1. Fuzzy logic is used to handle the concept of partial truth. Furthermore when linguistic 

variables are used these degrees may be managed by specific (membership) function. Fuzzy 

Logic Toolbox software is available in MATLAB technical computing software as a tool for 

solving problems with fuzzy logic. The fuzzy inference system [14] consists of four basic 

elements as shown in figure 2.  

Fuzzifier: Transform the fuzzy inputs into fuzzy sets.  

Fuzzy inference system: Simulate the human reasoning process by making fuzzy inference and 

IF-THEN rules.  

Rule Base: It is used to store the rules used in required task to make decision. 

Defuzzifier: It converts number of inputs into a single output to make decision. 
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Fig. 2 Fuzzy Inference System [13] 

IV Related Work: 

The energy supply of the sensor nodes is one of the main constraints in the design of wireless 

sensor networks [10]. Since it is impossible to replace batteries of WSN when network is 

deployed in impractical region. An important design issue in WSNs is to lessen the energy 

consumption with the use of energy conserving techniques or communication protocols. A fuzzy 

clustering algorithm which improves the energy efficiency of LEACH protocol by using a better 

cluster head selection solution [11] apply the number of live neighboring nodes and remaining 

energy of network nodes to select better nodes for clustering. Hence by creating more symmetric 

clusters, this scheme reduces the energy consumption of the WSN and hence finally increases the 

lifetime of the sensor network. Improved selection of cluster head in LEACH [12] introduce a 

new election mechanism with important features i.e. it ensures that all nodes are in range of a 

cluster head while keeping the number of cluster heads low, it consider residual energy of nodes 

as well as it requires a small communication overhead.  Appropriate cluster-head node selection 

can reduce the energy consumption at greater extent and hence increases the lifetime of entire 

network. LEACH-R [13] an improved clustering algorithm is introduced based on fuzzy logic 

which takes energy level of nodes, distance of that particular node from cluster head and 

crowdedness into consideration. Hence, this protocol provides an enhanced improvement in 

lifetime of network over other existing protocols. In the proposed work a new parameter named 

connectivity has been added in the three parameters considered in LEACH-R. Here in our work 

the algorithm runs LEACH protocol for fifty percent of the network energy and for rest of the 

network energy the algorithm switched to modified LEACH-R. The simulation results show the 

proposed technique further improves the lifetime of the network. All the simulations have been 

performed on MATLAB. 

 

V Proposed Algorithm 

The proposed work initially uses LEACH protocol and then fuzzy inference system for cluster 

head election. This technique selects appropriate cluster head and hence enhances the lifetime of 

the network. The flow chart shown in figure 3 explains the methodology of proposed work. 

When nodes are deployed same energy is assigned to each node initially. It is clear from given 
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flow chart that when the network energy is greater than 50 percent than LEACH protocol is used 

to select the cluster head. We know that LEACH is totally a probabilistic model so in LEACH 

Cluster head selection depends upon probability of a particular node to become cluster head. 

When 50 percent of total network energy is consumed while using LEACH the proposed 

methodology switches to fuzzy logic system for cluster head selection. The fuzzy logic uses four 

parameter for a node to become a cluster head i.e. energy of a node, distance of that particular 

node from base station, Crowdedness and connectivity.  Cluster head collect data from all nearby 

nodes and send aggregated data to the base station. 

 

Algorithm Steps of Proposed Methodology: 

1. n = number of nodes deployed in the network. 

2. Einit  = 0.1J     

3. P = probability 

4. r = round number 

5. T(n) = threshold level 

𝑇 𝑛 =
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1
𝑝   

    𝑖𝑓 𝑛 ∈ 𝐺 1 

0                                              𝑒𝑙𝑠𝑒       
 

 

 

6. Calculate threshold value 

If random number < T(n) 

Then select that node as cluster head 

7. if remaining energy of network < 50% 

Then run Fuzzy logic 

Calculation of probability P ← Fuzzy logic (distance from cluster head, battery level, 

crowdedness, connectivity) 

8. if P > random number 

9. select that node as cluster head 

10. Cluster head collect the data from other nodes  

11. Cluster head transmit the data to base station. 
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Fig. 3 Flow chart of proposed methodology 

When cluster head is selected by the Fuzzy logic, Fuzzy inference system uses Mamdani’s 

method for the inference process. The snapshot of triangular membership function form fuzzy 

toolbox in Matlab used in proposed methodology is shown in figure 4. 

 

 
 

 

Fig. 4 Triangular membership function 

 

Here triangular membership function is defined by three levels I.e. low medium and high. 

Depending upon the type input applied we got corresponding output. In proposed methodology 

we use four input variable to determine cluster head by Fuzzy logic given as in table 1.  
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  Table I Input variable and their membership function 

 

Input variable Membership function 

Energy level 

 

Low, Medium, High 

Distance from 

base station 

Small, Average, Big   

Connectivity  

 

Low, Medium, High    

Crowdedness  

 

Low, Medium, High, Very 

high  

Output variable probability is given in table 2. Output variable probability consists of 9 

membership functions, as shown in table 2. By using predefined if-then mapping rules, the 

probability is calculated for prediction of uncertainty. 

Table II Output variable and their membership function 

Output  Membership function  

Probability   

  

Very low, Low, Medium low, 

Fairly Low, Average, Fairly 

High, Medium High, High, 

Very High 

 

For each Fuzzy input variable Fuzzy mapping IF-THEN rules is defined below. 

Rule Evaluations: 

Our rules are developed based on four input parameter i.e. energy of a node, distance of that 

particular node from base station, Crowdedness and connectivity and given as: 

 1. If energy is high and distance is small and crowdedness is low and connectivity is high then 

probability is very high. 

2. If energy is high and distance is average and crowdedness is medium and connectivity is 

medium then probability is high. 

3. If energy is high and distance is big and crowdedness is medium and connectivity is high then 

probability is medium high. 

4. If energy is medium and distance is small and crowdedness is very high and connectivity is 

high then probability is fairly high. 

5. If energy is medium and distance is average and crowdedness is very high and connectivity is 

medium then probability is average. 
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6. If energy is medium and distance is big and crowdedness is very high and connectivity is low 

then probability is fairly low. 

7. If energy is low and distance is big and crowdedness is high and connectivity is low then 

probability is medium low. 

8. If energy is low and distance is average and crowdedness is very high and connectivity is low 

then probability is low.  

9. If energy is low and distance is small and crowdedness is very high and connectivity is low 

then probability is very low.  

VI Performance Evaluation 

In this section, we present the result of experimental simulation to evaluate our proposed 

approach.  We compare our results with the algorithm LEACH-R. Simulation results show 

improvement in the performance as compared to previous algorithm and hence increase the 

lifetime of network.  

A. Simulation Environment: 

The simulation was implemented by using MATLAB tool. The simulation environment is as 

shown in table below. 

      Table III Simulation Environment 

Parameters Values 

Area of 

network 

100x100 

No. of nodes 50 

Base station 

location 

50x50 

Network 

type 

Homogeneous  

Einit 0.1J 

Eelec 50*0.000000001nJ/bit 

Emp 0.0013*0.000000000001pJ/bit/m
2
 

Eda 5*0.000000001nJ/bit/signal 
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B. Simulation Results: 

Figure 5 shows graphical representation of remaining energy of wireless sensor network with 

respect to round number. 

  

Fig. 5 Graphical representation of remaining energy of WSN 

It is clear from given figure that energy consumed by proposed methodology is less as compare 

to LEACH-R. When WSN consume less energy during communication network lifetime will 

increase at a greater extent. Figure 6 represents number of dead nodes with respect to the number 

of rounds. It is also clear from figure 6 that sensor node starts dies after round number 40 in case 

of LEACH-R. But in case of proposed methodology sensor nodes start dies after round number 

93. Hence the wireless sensor network lifetime will increased.     

 

Fig. 6 Graphical representation of dead nodes 



International Journal of Computer Application (2250-1797)  

Volume 7– No.4, July-August  2017 

121 
 

 

Fig. 7 Graphical representation of alive nodes 

Figure 7 shows number of alive nodes as round number is increased. It is clear from given figure 

that alive nodes are more in proposed methodology.  Summary of the status of the network for 

first node dead and half of the total nodes dead for Leach-R and the proposed scheme with 

respect to number of rounds has been shown in the table IV.  So it can be concluded by studying 

all the figures and table IV that proposed methodology works better than LEACH-R. 

Table IV Comparison of network lifetime 

Protocol Round Number 

Status of 

network 

First node 

Dead 

Half of  the 

Total Nodes 

Dead 

LEACH-R  40 141 

Proposed 

methodology 

93 217 

 

VII  CONCLUSION AND FUTURE WORK 

The most famous clustering technique for cluster head election in LEACH is based on 

probability model. This approach works better initially as all nodes equipped with same energy. 

One disadvantage of LEACH is network energy is depleted after some rounds and second one is 

it selects the cluster head randomly and do not takes into account other factors affecting the 

network lifetime. The network lifetime of basic LEACH protocol has been improved using fuzzy 

logic system in LEACH-R. In the proposed work the LEACH-R protocol has been improved by 

adding one more factor of connectivity in other three factors already existing namely energy 

level, distance from base station, and crowdedness used in original LEACH-R. Initially we use 

LEACH to select cluster head and when fifty percent of the energy of network is consumed then 

we switch to fuzzy logic system based modified LEACH-R for cluster head selection. On 

comparing the results obtained from proposed work with LEACH-R approach we conclude that 
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network lifetime of the sensor network increases using switching technique. For the future work 

the proposed methodology may be tested on suitable WSN test bed. 

REFERENCES 

[1] J. Yick, B. Mukherjee, and D. Ghosal, “Wireless sensor network survey,” Comput. Netw. 

vol. 52, no. 12, pp. 2292–2330, Aug. 2008. 

[2] G. Anastasi, M. Conti, M. D. Francesco, and A. Passarella, “Energy conservation in wireless 

sensor networks: A survey,” Ad Hoc Netw. vol. 7, no. 3, pp. 537–568, May 2009. 

[3] L. Atzori, A. Ierab, and G. Morabito, “The internet of things: A survey,” Comput. Netw., vol. 

54, no. 15, pp. 2787–2805, Aug. 2010. 

[4] J. S. Lee, “A Petri net design of command filters for semi-autonomous mobile sensor 

networks,” IEEE Trans. Ind. Electron., vol. 55, no. 4, pp.1835–1841, Apr. 2008. 

[5] Z. Guo, M. C. Zhou, and L. Zakrevski, “Optimal tracking interval for predictive tracking in 

wireless sensor network,” IEEE Communication Letter, vol. 9, no. 9, pp. 805–807, Sep. 2005. 

[6] Z. Wang, L. Liu, M. C. Zhou, and N. Ansari, “A position-based clustering technique for ad 

hoc intervehicle communication,” IEEE Trans. Syst. Man Cybern. C Appl. Rev, vol. 38, no. 2, 

pp. 201–208. 

[7]M. Bidaki and M. Masdari, "Reputation Based Clustering Algorithms in Mobile Ad Hoc 

Networks," International Journal of Advanced Science & Technology, May2013, vol. 54, pp. p1-

11, 2013. 

[8]M.Ismail and M.Y.Sanavullah, “Security Topology In Wireless Sensor Networks With 

Routing Optimization”, IEEE 2008. 

[9] R. k. Gill, P. Chawla and M. Sachdeva,  “Study of LEACH Routing Protocol for Wireless 

Sensor Networks” international Conference on Communication, Computing & Systems (ICCCS–

2014). 

[10] E. Cayirci, “Data aggregation and dilution by modulus addressing in wireless sensor 

networks,” IEEE Communications Letters, Aug. 2003, pp. 355 – 357.  

[11] M. Bidaki, S. Reza, K.Tabbakh, “ Efficient Fuzzy Logic Based Clustering Algorithm for 

Wireless Sensor Networks” International Journal of Grid and Distributed Computing Vol. 9, No. 

5 (2016). 

[12] C. Bejaoui, A. Guitton, A. Kachouri, “Improved election of cluster head in LEACH” 12
th

 

international conference on computer system applications  (AICCSA), 2015 IEEE.  

 [13] R. Yadav, S. Saxena, “Improved Leach Routing Protocol with Soft Computing” second 

international Conference on Advances in Computing and Communication Engineering 2015.  

[14] J. S. R. Jang, C. T. Sun and E. Mizutani, “Neuro-fuzzy and soft computing a Computational 

approach to learning and machine intelligence”, Prentice Hall Publications, 2003. 


