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Abstract: Wireless sensor network (WSN) is composed of a large number of sensor nodes that are connected to each other. In 
order to collect more efficient information, wireless sensor networks are classified into groups. Classification is an efficient way 
to increase the lifetime of wireless sensor networks. In this network, devices have limited power processing and memory. Due to 
limited resources in wireless sensor networks, increasing lifetime was always of attention. An efficient routing method is called 
clustering based routing that finds optimum cluster heads and finding the correct number of them in each cluster remains a 
challenge. In this paper, we propose a novel and efficient method for clustering using fuzzy logic with four appropriate inputs and 
combine it with the good features of Low-Energy Adaptive Clustering Hierarchy (LEACH). Simulation results show that our 
method is more efficient compared to other distributed algorithms, because the proposed method if fully distributed. The result 
show that compared to centralized, the speed is more and its energy consumption is less. 
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1. Introduction 

In the past years, increasing improvements in digital 
electronics, semi-conductors building technology, and 
wireless communication, have led to develop tools with small 
size, low price and high power with communicating, 
computing and tracking capabilities. Wireless Sensor 
Networks (WSN) consists of hundreds or even thousands of 
such sensor tools that use radio frequencies to perform its 
tracking task [1-6]. A WSN consists of a large number of 
sensor nodes and a Base Station (BS). These sensors collect 
data and send them to the BS via radio transmitter. They have 
limited power and computational capacity. WSNs can be used 
in many applications such as military, biomedical, and 
environmental applications. 

There are various challenges in wireless sensor networks 
because of its special features. One of these challenges is the 
nodes limited power supply. In most cases the power supply is 
irreplaceable and non-rechargeable. So WSNs must use 
methods that reduce energy consumption of nodes [1, 2 and 3]. 

The data that are sensed by nodes should be transferred to a 
station for processing and decision making. This station is 

called base-station or sink. 
If each node sends its data directly to the sink a lot of energy 

is consumed. Since the sensed values by the close nodes are a 
little different, there is a possibility of redundancy in the 
transmitted data. 

As mentioned before, a lot of energy is consumed for 
sending data to the sink. As a result, cluster head nodes are 
faced with the challenge of fast reducing energy. As soon as 
the cluster head off a part or the entire network falls of work. 
To avoid this issue a method is to cluster head nodes equipped 
with replaceable and rechargeable energy source. Another 
way is continuously change cluster heads among the nodes 
within the network to decrease the distributed energy 
consumption in the network [5]. 

We use the second method in which the nodes are 
homogeneous. In the proposed method cluster head is selected 
first. Each node selects then the nearest cluster head to its own. 
Thus clusters are produced. 

Our method is similar to Low-Energy Adaptive Clustering 
Hierarchy (LEACH) [2]. 

Two periods of time are repeated alternately until the end of 
the network: Stage of cluster formation and stage of stability. 
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In this structure, similar to LEACH, each node itself decides to 
be cluster head and makes other nodes aware of this issue. 
Selecting cluster heads in LEACH are stochastic. While in our, 
method a cluster head is selected based on several parameters 
and a fuzzy system. 

Because LEACH selects cluster head only with stochastic 
and does not care to other parameters such as residual energy 
and location of nodes, it does not necessarily make the best 
clusters. 

For example, a node may be cluster head that have little 
energy may be turned off or if an isolated node becomes 
cluster head, other nodes must spend a lot of energy for 
sending data to this cluster head. Nevertheless, LEACH 
provides well uniform distribution of cluster heads and has 
high performance. 

We use a fuzzy system with appropriate inputs to overcome 
the weakness of LEACH. The inputs that we consider in the 
fuzzy system are: number of neighbors, centrality, energy 
remaining, frequencies of signals received from neighbors and 
the number of round that the node wasn’t cluster head. These 
parameters are not so closely related and can easily work with 
these heterogeneous parameters by using fuzzy logic. Also a 
fuzzy system does not need much computational complexity, 
consequently it is suitable for WSN. 

The rest of this paper is organized as follows. In the next 
section, we give an overview of related work and some 
shortcomings of stochastically selecting cluster-heads. In 
section 3 we give an overview of fuzzy logic. In section 4 we 
describe our proposed method. Simulation results are 
presented in section 5. Finally, section 6 concludes the paper. 

2. Related Works 

A typical WSN architecture is shown in Figure 1. The nodes 
send data to the respective cluster-heads, which in turn 
compresses the aggregated data and transmits it to the base 
station. For a WSN we make the following assumptions: 

� The base station is located far from the sensor nodes and 
is immobile. 

� All nodes in the network are homogeneous and energy 
constrained. 

� Symmetric propagation channel. 
� Base station performs the cluster-head election. 
� Nodes have little or no mobility. 

 

Figure 1. WSN Architecture. 

One of the most popular cluster based routing protocol is 
Low Energy Adaptive Clustering Hierarchy protocol 
(LEACH) that is proposed in [4]. The operation of LEACH is 
divided into rounds and each round consists of setup phase and 
the steady state phase. In the setup phase, the clusters are 
organized and Cluster Heads (CHs) are selected. Each sensor 
n generates a random number between 0 and 1. If this number 
is less than T(n) defined by Equation 1, then sensor n would be 
selected as a cluster head. 
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In this equation, 'p' is the desired percentage of CHs, 'r' 
specifies the current round and 'G' is the set of nodes which 
have not been selected as cluster head in the past 1/P rounds. 
Optimal number of cluster heads is estimated to be 5% of the 
total number of nodes. After cluster head election, the CHs 
broadcast an advertisement message and other nodes select the 
closest CHs based on the received signal strength. Although 
LEACH is able to increase the network lifetime, but it has two 
main weaknesses: 

� It is possible that no or many of CHs are selected. 
� It is possible that too many CHs are located in a specific 

area. This means that CHs are not selected in a 
distributed manner. 

Gupta [6] used fuzzy logic to find cluster heads. In this 
algorithm three fuzzy variables is used for cluster head 
selection. Node’s energy, node’s concentration and node’s 
centrality are these parameters. In this approach, the base 
station primarily collects the necessary information from all 
nodes and then selects a node as a cluster head according to 
the fuzzy rules. In this approach there is only one selected CH 
for each round, whereas more CHs are needed for balancing 
energy consumption and improving network lifetime. 

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

The method that is presented in [8] is a fuzzy approach to 
select cluster heads. This method is centralized and the 
network is aware of nodes coordinates. The decision for 
selecting a node as cluster head is done by the sink. This 
method is based on three variables, node energy remaining, 
node concentration and centrality which decides about being a 
node cluster head. 

Heinzelman et, al. [9] introduced a method called 
LEACH-FL. The method uses a fuzzy system with three input 
battery level, node density and distance from the sink, for 
selecting cluster heads. This method is introduced with the 
assumption that the network coordinates is available. 

Both of these two methods are centralized. Therefore they 
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are not suitable for the environments that required real-time 
processing. Also a lot of energy is spent for sending nodes 
situation such as energy remaining to the sink. These methods 
assumed that the network coordinates is available. For this 
issue, nodes need to be equipped with additional hardware 
such as Global Positioning System (GPS), which is not 
possible in all environments. Another issue is that we can use 
inputs for fuzzy system more efficient than inputs of these 
methods fuzzy systems [10]. 

Based on this discussion, we propose a distributed method 
where each node itself makes decision about being cluster 
head or not. This method works in all environments and 
therefore does not need the coordinates of nodes. This method 
by choosing suitable inputs for fuzzy system, is more efficient 
than the existence method and better clusters will be made. 

3. Fuzzy Logic 

Fuzzy logic (FL) is defined as the logic of human thought, 
which is much less rigid than the calculations computers 
generally perform. Fuzzy Logic offers several unique features 
that make it a particularly good alternative for many control 
problems. It is inherently robust since it does not require 
precise, noise-free inputs and can be programmed to fail safely 
[11, 12]. 

Fuzzy sets are described by the range of real values over 
which the set is mapped, called domain, and the membership 
function. A membership function assigns a truth (crisp) value 
between 0 and 1 to each point in the fuzzy set’s domain. 
Depending upon the shape of the membership function, 
various types of fuzzy sets can be used such as triangular, beta, 
PI, Gaussian, sigmoid, etc. The trapezoidal and triangular 
membership functions suitable for real-time operation because 
they don’t make complex computations and also have enough 
accuracy. 

A Fuzzy system basically consists of three parts: 
fuzzification, inference engine, and defuzzification. Fig. 1 
shows the fuzzy system components that we use in this paper. 
The fuzzifier maps each crisp input value to the corresponding 
fuzzy sets and thus assigns it a truth value or degree of 
membership for each fuzzy set. The fuzzified values are 
processed by the inference engine, which consists of a rule 
base and various methods for inferring the rules. 

The rule base is simply a series of IF-THEN rules that relate 
the input fuzzy variables with the output fuzzy variables using 
linguistic variables, each of which is described by a fuzzy set, 
and fuzzy implication operators such as AND, OR, etc. 

The defuzzifier performs defuzzification on the fuzzy solution 
space. It finds a single crisp output value from the solution fuzzy 
space. Some of common defuzzification techniques are: Center 
of Area (COA)[14], Center Of Gravity (COG)[15], Extended 
Center of Area (ECOA)[14], Mean of Maxima (MeOM)[16]. In 
this paper we use COA method for defuzzification which is one 
of the simplest and most widely used methods,The method is fast, 
because only simple oper tions are used in it, it gives continual 
change of defuzzification value, hence it is convenient to be used 
in fuzzy controllers. [17]. 

4. Proposed Method 

 

Figure 2. Fuzzy system components 

Figure2 depicts the fuzzy system that is used by our 
method. 

The fuzzy system inputs are crisp numbers converted to 
fuzzy values by membership functions. The nodes simply 
determine these input values. The nodes are aware of neighbor 
nodes and the distance to them, as soon as one sends and 
receiving data. We suppose here, the number of head clusters 
is 5 percent of total number of sensors in each round.  

Parameters that have important role in selecting the head 
cluster and forming cluster are: 

4.1. Number of Neighbors 

If a node is in center of attention which means many signals 
pass through its order to reach a cluster head, then it is better 
that this node becomes cluster head. 

���	����� 	!�	���"ℎ�! $ = � − 1                (2) 

4.2. Remaining Energy 

A sensor that has maximum energy level; because the 

overhead of head cluster is more than other nodes. 
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4.3. Centrality 

The closest sensor to gravity center of the cluster. Indeed, it 
is a node that average distance of other nodes in the cluster 
from it is minimum. Centrality of head cluster, leads to 
reducing energy consumption for communicating intra-cluster 
(between member nodes and head cluster). 

4.4. Quality of Received Signals 

This criterion is indeed based on which node receives more 
signal power; as many signals pass from this node, so it can be 
a good head cluster. 

This operation is done easily by using of Received Signal 
Strength Indication (RSSI) technique [11]. 

Membership functions that convert crisp input values to 
fuzzy values are shown by fig. 3. 
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Figure 3. Fuzzy set for fuzzy input variable Number of Neighbors ,Remaining Energy, Centrality and Quality of Received Signals 

In this stage (fuzzy inference) we use mamdani inference 
method to determine output from inputs [18]. Some rules that 

mamdani method employs are listed in Table 1. 
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Table 1. Some of the existence rules. 

Chance Quality Signal Centrality Energy Concentration 

worth low low low low 

v-low medium low low low 

low high high low low 

v-low low low medium low 

medium high high medium low 

low low low high low 

high high high medium medium 

medium low low high medium 

v-high high high high medium 

medium low low low high 

high low medium medium high 

high medium medium medium high 

v-high high medium medium high 

v-high low high medium high 

best high high high high 

We need a membership function to convert the obtained 
output from fuzzy to crisp in the fuzzification stage. This 
function is shown in fig. 4. 

 

Figure 4. Output membership function. 

In this paper, we use the Center of Area (COA) method to 
deffuzificate output. Threshold (α) in this measure is obtained 
from Equation 4. 

α = < =>�?�@�@A
< BC�D�EDF

                 (4) 

Where α is the non-fuzzy output for the fuzzy system (z) 
and µA(Z) is aggregated output membership function. 

5. Results and Discussion 

We have used of Matlab [11] for simulations. Fig. 6 shows 
influence of some fuzzy inputs on the output (α). 

To compare with LEACH and LEACH-FL, the networks 
that have an area of 100*100 with 20 nodes are selected. The 
coordinate of the BS is (50,200) and the energy parameters are 
shown in table 2. 

Table 2. Energy parameters 

50nj/bit Eelect 0.5 J Initiate energy 

0.0013pj/(bit*m4) εamp 10pj/(bit*m2) εfs 

 

Figure 5. Distribution of energy consumption according to the number of rounds for each algorithm 

Fig. 5 shows difference between proposed method and 
LEACH and LEACH-FL in energy consumption.  

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 is the energy 
utilization balance and fairer distribution of energy on the 
nodes would be. 

Consider that the proposed method consumes less energy 
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than other two methods and thus the network lifetime 
increases. 

Fig. 6 shows alive nodes in sense of number of rounds in 
these methods. 

 

Figure 6. Distribution of alive sensor nodes according to the number of rounds for each algorithm 

Unless there are six authors or more give all authors' names; 
do not use “et al.”. Papers that have not been published, even if 
they have been submitted for publication, should be cited as 
“unpublished” [4]. Papers that have been accepted for 
publication should be cited as “in press” [5]. Capitalize only 
the first word in a paper title, except for proper nouns and 
element symbols. 

For papers published in translation journals, please give the 
English citation first, followed by the original 
foreign-language citation [6]. 

6. Conclusion 

Our aim of doing this research is to achieve an optimal 
approach for clustering in Low-Energy Adaptive Clustering 
Hierarchy (LEACH). Since all operations for cluster 
formation are done locally a large amount of energy is saved 
and speed of cluster formation is increased. We proposed an 
efficient clustering approach by combining good features of 
LEACH approach and fuzzy logic (with little computation 
overhead). 

We compared our method with three similar methods, 
LEACH and LEACH-FL in lifetime, energy consumption and 
number of death of nodes. Simulation output with Matlab 
shows that our method saves more energy, thus increases 
lifetime of WSNs. 
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