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Abstract— Wireless Sensor Networks have gained fabulous 

attention in recent years because of growth of sensor device 

as well as wireless communication technologies. WSNs are 

typically deployed in remote environment and the nodes are 

deployed with non-rechargeable batteries, so that the 

network lifetime is of crucial important. Due to resource 

limitations in wireless sensor Networks, prolonging the 

network lifetime has been of a great interest. An energy 

efficient routing technique is known as hierarchical routing 

based on fuzzy based clustering, in which finding the 

optimum cluster heads. In this paper, a two-level fuzzy logic 

is used to evaluate the qualification of sensors to become a 

cluster head. In the first level (Local Level), the qualified 

nodes are selected based on their energy and number of 

neighbors of them. Then, in the second level (Global Level), 

nodes overall cooperation is considered in the whole 

network with three fuzzy parameters. These parameters are 

centrality, proximity to base station and distance between 

cluster heads. Simulation results show that the proposed 

approach consumes less energy and prolongs the network 

life time, residual energy, energy variance compared with 

leach algorithm. 

Key words: energy aware routing; fuzzy logic; wireless 

sensor network. 

I. INTRODUCTION 

Recent years have witnessed an increasing interest in using 

wireless sensor networks in many application, including 

area monitoring, health-care monitoring, natural disaster 

prevention, military field surveillance and forest fire 

detection. For all these application, tiny sensors are 

deployed and left unattended to continuously report 

parameters such as temperature, pressure, chemical activity, 

pressure, light and humidity. The information transmitted by 

these sensors is collected by observer that is base station. 

The remote dense deployment and unattended nature of 

WSNs make it quite difficult recharge the node batteries, 

energy efficiency is a major design issue in order to increase 

the lifetime of sensor networks. Thereby within the huge 

number of nodes it is challenging to device sensor network 

to dish up the purpose to cutback energy consumption, cost 

and size of nodes for the purpose of our needs. 

Since, sensor nodes have limited energy, clustering, 

an energy efficient approach is preferred in Wireless Sensor 

Network. Clustering is the process of organizing nodes into 

groups termed as cluster. In clustering schemes, nodes in the 

network form cluster, one node act as a cluster head and 

another nodes act as member node, cluster-based design 

conserves the energy of the sensor devices since only some 

nodes, called cluster heads are allowed to communicate with 

the base station. The CHs collect the data sent by each node 

in that cluster, compress it, and then transmit the aggregated 

data to the base station, thereby increasing the network 

lifetime. 

Utilizing intelligent techniques improves the 

efficiency of wireless sensor network. In applications that 

require real time decision making, fuzzy logic is a powerful 

tool that can make decision even if there is insufficient data; 

while sufficient data (which is rare in real applications) is 

needed for making a decision in classic control. Recently, in 

some papers like [6] and [7], fuzzy logic is used for routing 

and improving network lifetime. We also used fuzzy logic 

as a mean to select cluster heads. In addition, due to the 

proved efficiency of clustering techniques in energy 

consumption, we utilized clustering in our proposed routing 

algorithm.  

In this paper, we proposed a two-level fuzzy logic 

to evaluate the qualification of sensors to become a cluster 

head. In local level the qualified nodes are selected based on 

their energy and number of neighbors of them. Then, in the 

global level we seek for the best node cooperation regarding 

to the average energy consumption metric. 

In the remainder of this paper, Section 2 discusses 

some related works and previous studies. Section 3 

describes the system model and Section 4 discusses 

proposed scheme. Section 5 provides simulation results and 

discusses the efficiency of proposed algorithm. Finally, 

Section 6 gives 

II. RELEATED WORK 

In this segment, existing cluster based approaches is 

introduced. There are numbers of applications which 

demand hierarchical based networks. Clustering for such 

network is key concept. To ensure that battery power of 

nodes is used carefully in different phases of network 

operations like routing, clustering, information gathering, 

various approaches have been described in existing 

literatures. For large area network hierarchical routing helps 

in saving large amount of energy. Some of the hierarchical 

protocols are: LEACH (Low Energy Adaptive Clustering 

Hierarchy), HEED [5](Hybrid Energy Efficient 

Distributed),TEEN AND APTEEN and PEGASIS (Power 

Efficient Gathering in Sensor Information System protocol) 

etc.    

LEACH is an energy saving cluster formation 

protocol for wireless micro sensor networks that implements 

aggregation in clustering manner [3]. It is the first Dynamic 

cluster head protocol because which contains homogenous 

sensor nodes two phases, in 1
st
 phase clusters are organized 

and cluster head is selected and in 2
nd

 phase the cluster head 

(CH) broadcasts signals to all other nodes specifying that 

they are cluster heads. Based on the signal strength of other 

non CH nodes they are decided to which cluster they belong. 

The information to be transmitted is aggregated in one 

cluster head and sent through single link. The protocol 



Enhancement of Lifetime using Two-Level Fuzzy Based Clustering in WSN 

 (IJSRD/Vol. 3/Issue 03/2015/394) 

 

 All rights reserved by www.ijsrd.com 1600 

works in two phases. In first phase it performs organization 

of clusters and the selection of cluster head. Then in second 

phase cluster head (CH) broadcast a message to all other 

non cluster head nodes in the network informing that they 

are cluster heads shown in Figure 1. LEACH always 

assumes that all the nodes have same initial energy, which is 

not the case always in real time problem. 

 
Fig. 1: Timeline diagram 

 

The leach protocol guarantees that everyone of them will 

become a cluster 1/P rounds. Initially each node can become 

a cluster head with a probability P. On average, n×p nodes  

per round . nodes that are elected to be cluster heads in the 

current round can  no longer become cluster heads in the 

same epoch. The non-elected nodes belong to the G ,the 

probability of nodes  € G to become a cluster head. The 

decision is made at the beginning of each round by each 

node S € G independently choosing random number in [0,1]. 

If random number is less than a threshold T(s) then the node 

become a cluster head in the current round. The threshold is 

set as: 

              T (n) = 
 

          (
 

 
) 

 if n                                (1) 

Where r is the current round number(starting from round 0). 

If that CH is far away from the base station then it would 

cost high hence other approaches are opted. 

Although LEACH [4] is able to increase the network 

lifetime, but it has two main weaknesses: 

1) It is possible no or lots of CHs are selected. 

2) It is possible that too many CHs are located in a 

specific area it means that CHs are not selected in a 

distributed manner. 

In [7], Kim offers CHEF in which, the same as [6], 

the CHs are selected based on a fuzzy logic. The difference 

is that in this approach more than one cluster head is 

selected locally in each round. The fuzzy set includes nodes’ 

energy and their local distances. CHEF [7] also generates a 

random number for each sensor and if it is less than a 

predefined threshold, Popt, then the node’s chance is 

determined. Thus, there may be  

some qualified nodes that lose their chance on a random 

manner. 

Fuzzy logic based energy-aware dynamic 

clustering technique is proposed, which increases the 

network lifetime in terms of LND. Here, two inputs are 

given in the fuzzy inference system and a node is selected as 

a cluster head according to the fuzzy cost (output). So, 

comparing to LEACH, the total lifetime of the WSN can be 

increased by 11.5% with this algorithm, which is certainly 

more energy efficient, disadvantage in this algorithm is 

sensor nodes are stationary [5]. In this paper, we used two-

level fuzzy logic to determine CHs in each round for 

prolonging network lifetime to an acceptable limit.  

In this paper, we used two-level fuzzy logic to determine 

CHs in each round for prolonging network lifetime to an 

acceptable limit. 

III. SYSTEM MODEL 

We make some assumptions about the sensor nodes and the 

underlying network model. 

 There is a BS (i.e., data sink) located far away from the        

square sensing field. 

 Sensors and the BS are all stationary after deployment. 

 All nodes are homogeneous (i.e. the same energy 

resources). 

 Cluster head selection is performed centrally at the 

Base station. 

IV. PROPOSED ALGORITHM 

Initially the base station collects the necessary information 

from the nodes and cluster heads are selected in a 

centralized manner in each round that is discussed in the 

following. We assume number of cluster heads is equal to 

five percent (5%) of all sensors in each round. 

Two levels of fuzzy decision making are 

considered in this approach. The reason is that the selected 

cluster heads must satisfy two general conditions: 

1) CHs must be in the desired position with regard to the 

energy concerns. That provides the LOCAL Level of 

decision making. 

2) Cluster head nodes cooperation while prolonging 

network lifetime. That provides the GLOBAL Level of 

decision making. 

A. Fuzzy Logic controller 

 
Fig. 2:  Fuzzy logic system 

Nodes make decisions for becoming cluster heads using 
fuzzy logic with central control as discussed below. Fuzzy 
system basically consists of four parts: Fuzzifier, Fuzzy 
Inference Engine, Defuzzifier, Fuzzy rule base shown in 
figure 2.  
Fuzzy Inference System (FIS) design for cluster head 
selection: Mamdani Model is used for developing FIS for 
cluster head selection since it is simple, has widespread 
acceptance and is well suited to imprecise inputs. FIS design 
steps are discussed next. 

B. Local Level 

In this level of decision making, the node’s qualification for 

being a cluster head is evaluated according to its physical 

characteristics such as its internal energy and its neighbor 

nodes. We know that the traffic load is concentrated at most 

on CHs. Since on one hand, they must gather the data 

coming from the cluster member nodes, and on the other 

hand, they must forward the aggregated data to the sink. 

Therefore, CHs must be powerful enough to be able for this 
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job. In addition, more nodes in the neighborhood make the 

candidate CH more qualified. Hence, in the local level, these 

two parameters, i.e. energy and number of neighbors are 

defined as the inputs to the fuzzy system and sensor 

qualification parameter for becoming a CH is the output. 

The membership functions of these parameters are depicted 

in Figures 3 to 5. The fuzzy if-then rules in the local level 

are also shown in Table 1. 

 
Fig. 3: Membership function of energy 

 
Fig. 4: Membership function of Number of Neighbors 

 

Fig. 5: Membership function of Qualification in Local Level 

Energy Number of 

neighbors 

Local level 

qualification 

Low 

 

Low Very small 

Medium Small 

High Rather small 

Medium Low Medium small 

Medium Medium 

High Medium large 

 

 

High 

Low Rather large 

Medium Large 

High Very large 

Table. 1:  Fuzzy if then rules in local level 

More number of neighborhood can be calculated by using 

equation (1) 

 

Max number of neighbours=n-1         (2)   

 

Radio energy model is used to obtain energy equations, 

nodes Expected Residual Energy (EER) is calculated by 

using the following equation (2). 

 

EER = Einitial – EEC                          (3) 

Where EER is nodes expected residual energy, Einitial is 

nodes initial energy, EEC is energy consumption of node. 

As communication progress residual energy of each node is 

calculated node high residual energy selected as CH. 

 

Fig. 6: Local level v/s energy 

After simulation of fuzzy function we can observe from 

figure 6and 7 that a node having larger number of neighbor 

nodes and having high residual energy can be a cluster head 

at local level 

 

Fig. 7: Local level qualification v/s number of neighbours 

C. GLOBAL LEVEL 

In the global level we seek for the best node cooperation 

Regarding to the average energy consumption metric .At 

this level, we meet the following conditions: 

1) CHs must locate at the center of their respective 

clusters. That is the centrality metric and makes the 

clusters more load balanced when adjacent nodes send 

their data to the CHs. 

2) More network lifetime is achieved when the overall 

3) CHs’ energy consumption is less. This parameter is 

directly related to the CH’s proximity to BS. 

4) To balance the energy consumption, there must be a 

suitable distribution of CHs in the network. In other 

words, there must be sufficient distance among CHs. 

Thus, after evaluating the qualifications of CHs in the 

Local level, those sensors whose qualifications are more 

than α, will be reevaluated in the global level based on three 

mentioned parameters: centrality, proximity to BS and 

distance between CHs. A threshold α is defined as the 

minimum qualification requirement to become a cluster 

head that we assumed α =0.5(max qualification of sensors in 

current round). In other word, in this level, the comparison 

is made among different sets of sensor nodes to select a set 
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with maximum qualification as final CHs in the current 

round. The centrality parameter is measured by total 

distances from cluster members to the cluster heads.  

In addition, the BS is capable of measuring the 

distances among all CHs. In the global level these three 

parameters are considered as the inputs to the fuzzy system 

and sensors’ qualification parameter for becoming a CH are 

considered as the output. The membership functions and the 

fuzzy rules of these parameters are depicted in Figures 8 to 

11 and Table 2 respectively. 

 
Fig. 8: Membership functions of centrality 

 
Fig. 9:Membership functions of Proximity to Base station 

 
Fig. 10:  Membership functions of Distance Between CHs 

 
Fig. 11:  Membership functions of Qualification in Global 

Level 

 

We used Mamdani method for fuzzy inference technique 

and center averaging for defuzzification. The maximum 

range of membership functions are determined by maximum 

values of input parameters. These values can be derived as 

bellow 

 

 

 

Where n is the number of sensors, (xm,ym) is size 

of network and (xBS,yBS) is the position of BS. The most 

qualified nodes are selected as CHs for the current round. 

Once they advertise themselves across the network, other 

nodes will choose the closest one and clusters are formed 

similar to [4]. 

We show the performance of Global level fuzzy 

logic in Figure 12,13 and 14 .In these figures, we show the 

relation between GLQ, centrality for proximity value of 40 
and 60, distance between CH values of 30 and 

60respectively. When a sensor is considered a CH, 

centrality=0. As proximity, centrality and distance increases 

global level qualification of sensors to become CH 

decreases. 

 
Fig. 12: global qualification v/s centrality 

 
Fig. 13: global qualification v/s proximity 

 
Fig. 14: global qualification v/s distance from BS 

 

Centrality Proximity Distance 

b/w CH 

Qualification in 

global level 

 

 

 

 

Low  

Low Large 

Medium  Very large 

High Very large 

 

Low 

 

Medium 

Low Rather large 

Medium large 

High Large 

 

High  

Low Medium large 

Medium Rather Large 
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High Rather Large 

 

 

 

 

Medium 

 

Low  

 

Low Medium 

Medium Medium large 

High Medium large 

 

Medium 

 

Low Medium small 

Medium Medium 

High Medium 

 

High  

 

Low Rather small 

Medium Medium small 

High Medium small 

 

 

 

 

High 

 

 

 

 

Low  

 

Low Small 

Medium Rather small 

High Rather small 

 

Medium 

 

Low Very small 

Medium small 

High small 

 

High  

 

Low Very small 

Medium Very small 

High small 

Table 2:  Fuzzy if-then rules in global level 

V. SIMULATION AND EVALUATION 

In this section, we evaluate the performance of our 

proposed algorithm in MATLAB. In three different 

scenarios, 60 nodes are randomly distributed in a 60×60 

m2 network. The initial energy of the sensors is 0.1J. 

Simulation was performed for 800 rounds. Base station 

located at distance 30 from network shown in figure. We 

compare our proposed algorithm to LEACH in Lifetime, 

Network’s residual energy, variance of energy. 

 
Fig. 15: Random deployment of nodes in network 

 

 

Fig. 16: Network setup 

Figure shows 17 and 18 shows Communication 

between CH and base station and as communication 

progress energy of network decreases and nodes start die 

around 550 round FND, and 720 round all nodes dies.   

 
Fig. 17: All 60 nodes alive during 469 round 

 
Fig. 18: only 2 nodes alive during 704 round 

A. Network’s lifetime 

Although various definitions has been proposed in the 

literature, in this paper lifetime is considered as the time 

when the first node dies. Figure 19 shows the number of 

alive nodes with respect to the operation of the network in 

800 rounds for different scenarios. It is easy to find out that 

the proposed algorithm prolongs the death time of the first 

and last sensors node compared with leach algorithm. Our 

proposed algorithm improves the overall network lifetime 

about 54 % these can be observed graph in leach FND dies 

around 100 rounds and last node dies around before 400 

rounds but in proposed algorithm FND dies around 550 

rounds and last node dies around after 750 rounds. 

B. Residual energy of network 

Residual energy of network in each round can be a good 

metric to measure the energy efficiency of the algorithms. 

The less steep the figure is the more clearness of balance 

energy utilization and fairer distribution of energy on the 

nodes would be. Figure 20 shows the comparison of energy 

consumption rate of the leach and proposed algorithm. In 

the proposed algorithm the residual energy of network is 

much more than others. 
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Fig. 19: Network lifetime 

 
Fig. 20: Residual energy of network 

C. Variance of energy in each round 

The fairness of energy consumption can be well observed by 

measuring the variance of the residual energy of all nodes in 

each round. The less variant residual energy in each 

consequent round is the reason of the fairer energy 

consumption.. Figure 21 shows the variance of energy in 

different scenarios. In this case, our proposed algorithm 

seems to have less variant energy consumptions compared 

with leach. 

 
Fig. 21: Energy variance of network  

VI. CONCLUSION 

Cluster based routing protocol is designed to extend the 

lifetime of network by keeping the sensors alive for a 

maximum time. In clustering scheme, the election of 

efficient CH will reduce the energy consumption in the 

network Fuzzy based protocol proposed to selects the CHs 

considering  energy and neighbor nodes of the sensor nodes 

at local level and centrality, proximity to BS and distance 

between CH at global level to prolong the lifetime of WSN 

by evenly distributing the energy . The proposed algorithm 

was compared with LEACH, in lifetime, energy 

consumption, and variance of energy. The performance of 

the algorithm was evaluated by a simulation and the results 

showed that in this approach, nodes consume less energy 

and live longer. 
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