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I. INTRODUCTION 
 
Today’s developments in technologies such as 
wireless communication and microelectronics have 
enabled Wireless Sensor Network applications to be 
deployed for many applications such as battlefield 
surveillance, environment monitoring, structural 
engineering and health care etc. those  networks is 
that the nodes are unattended, resource-constrained, 
their energy cannot be replenished and network 
topology is unknown. The limitations in resource -
constraint make it essential for these sensor nodes to 
conserve energy to increase life-time of the sensor 
network. 
The cluster based algorithms or approaches   used 
for partitioning the sensor nodes into subgroups for 
task subdivision or energy management. Clustering is 
performed by assigning each sensor node to a 
specific Cluster Head(CH). All communication to 
(from) each sensor node is carried out through its 
corresponding CH node. CHs can fuse data from 
sensors to minimize the amount of data to be sent to  
the sink. When network size increases, clusters can  
also be organized hierarchically [1]. 
Using the Cluster based hierarchical routing protocol 
is an energy efficient routing protocol. In the cluster 
routing, sensor nodes will be partitioned into a few 

 
 
 
 
 
 
 
 
 
groups with one cluster head elected for each group. 
The cluster head collects information or data from 
member nodes in the same cluster and aggregates 
the collected data so that it can be transmitted to the 
base station. The clustering protocol will significantly 
reduce the overall energy used and reduce the 
network congestion by only allowing the cluster 
head to communicate with the base station [2].  

 
II.    FUZZY RULES 
 Fuzzy Logic is the problem-solving control system  
methodology that lends itself to implementation in  
systems ranging from simple, small, embedded 
micro-controllers to large, networked, multi-channel 
PC or workstation-based data acquisition and control       
systems. It can be implemented in hardware, 
software, or a combination of both.  
A Fuzzy Inference System (FIS) is a way of mapping 
an input space to an output space using fuzzy logic. 
FIS uses a collection of fuzzy membership functions 
and rules, instead of Boolean logic, to reason about 
data. 
The rules in FIS (sometimes may be called as fuzzy 
expert system) are fuzzy production rules of the 
form. 
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The antecedent describes to what degree the rule 
applies, while the conclusion assigns a fuzzy function 
to each of one or more output variables.   
Most tools for working with fuzzy expert systems 
allow more than one conclusion per rule. The set of 
rules in a fuzzy expert system is known as knowledge 
base [3]. 
The functional operations in fuzzy expert system 
proceed in the following steps. 
1. Fuzzification  
2. Fuzzy Inferencing (apply implication method) 
3. Aggregation of all outputs  
4. Defuzzification 
 

 
1. Fuzzification 
Fuzzification transforms the system inputs are in 
crisp numbers into fuzzy sets by applying a 
fuzzification function. In the process of fuzzification 
Membership functions defined on input variables are 
applied to their actual values so that the degree of 
truth for each rule premise can be determined.  
Fuzzy statements in the antecedent are resolved  
degree of membership between 0 and 1.  
a) If there is only one part to the antecedent, then        
   this is the degree of support for the rule.  
b) If there are multiple parts to the antecedent,         
    apply fuzzy  logic operators and resolve the  
    antecedent to a single number between 0 and 1. 
Antecedent may be joined by OR; AND operators. 
      For OR   --   max 
      For AND --   min 
 
2. Fuzzy Inferencing 
In the process of fuzzy inference truth value for the 
premise of each rule is computed and applied to the 
conclusion part of each rule. This results in one fuzzy 

set to be assigned to each output variable for each 
rule.  
a) The use of degree of support for the entire rule is 
to shape the output fuzzy set.  
b) The consequent of a fuzzy rule assigns an entire 
fuzzy set to the output. If the antecedent is only 
partially true, (i.e., is assigned a value less than 1), 
then the output fuzzy set is truncated according to 
the implication method 
c)   If the consequent of a rule has multiple parts, 
then all consequents are affected equally by the 
result of the antecedent.  
d) The consequent specifies a fuzzy set to be 
assigned to the output.  
e)  The implication function then modifies that fuzzy 
set to the degree specified by the antecedent.  
f)   The functions used in inference rules are min or 
prod   
min: truncates the consequent's membership 
function 
prod: scales it.  
 
3. Aggregation of all outputs 
It is the process where the outputs of each rule are 
combined into a single fuzzy set. The input of the 
aggregation process is the list of truncated output 
functions returned by the implication process for 
each rule. The output of the aggregation process is 
one fuzzy set for each output variable. Here, all fuzzy 
sets assigned to each output variable are combined 
together to form a single fuzzy set for each output 
variable using a fuzzy aggregation operator.  
Some of the most commonly used aggregation 
operators are  
a)   the maximum : point-wise maximum over all of    

the fuzzy sets  
b)   the sum : (point-wise sum over all of the fuzzy  
c)    the probabilistic sum.  

4. Defuzzification 

In Defuzzificztion, the fuzzy output set is converted 
to a crisp number. Some commonly used techniques 
are the centroid and maximum methods.  
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In the centroid method, the crisp value of the output 
variable is computed by finding the variable value of 
the centre of gravity of the membership function for 
the fuzzy value. 
In the maximum method, one of the variable values 
at which the fuzzy set has its maximum truth value is 
chosen as the crisp value for the output variable.  
Some other methods for defuzzification are:  
bisector, middle of maximum (the average of the 
maximum value of the output set), largest of 
maximum, and smallest of maximum, etc. [4][5]. 
 

III  CLUSTERING SYSTEM 

In this paper, using LEACH ERE Clustering Algorithm 
the output (chance) computation of each node using 
fuzzy inference systems. 
Two input variables for the FIS are the Residual 
Energy and the expected residual energy and one 
output parameter is chance. The bigger chance value 
means that the node has more chance to become a 
Cluster Head (CH) in a cluster. 

 

    a) Fuzzy set for input variable, Residual Energy 

b) Fuzzy set for input variable, Expected residual   
       Energy 
 

 

     c) Fuzzy set for output variable chance. 

The fuzzy set for the residual energy input variable 
using Linguistic variables are high, rather high, 
medium, rather low, low and very low. A trapezoidal 
membership function is used for high and very low 
values, while a triangular membership function is 
used for the rest linguistic variables is shown in 
Fig(a).   
The other input variable is the expected residual 
energy using linguistic variables of the fuzzy set are 
high, medium and low.   A trapezoidal membership 
function is used for high and low values; while a 
triangular membership function is used for medium 
value is shown in Fig (b). 
The fuzzy set for the output variable chance using 
seven  linguistic variables are very high,high,rather 
high, medium, rather low, low and very low. A 
trapezoidal membership function is used for very 
high and very low values; while a triangular 
membership function is used for remaining linguistic 
variables is shown in Fig (c). 
            The output chance is accomplished by using 
predefined fuzzy if-then mapping rules to handle the 
uncertainty based on the two fuzzy input variables. 
18 fuzzy mapping rules are defined in table (a). 
In this approach, the defuzzification of the output 
Chance can be computed using the center of area    
 Method. [6] 
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                   Table a) Fuzzy Mapping rules 

IV   SIMULATION RESULTS 

To simulates  Output variable Chance from 
Fuzzy inference System (FIS) using The Fuzzy 
logic toolbox in MATLAB software , applying 
inputs variables such as the Residual Energy and 
the expected residual energy to it.  
The FIS Editor displays general information about 
a fuzzy inference system. There is a simple 
diagram shows the names of each input variable 
on the left as Residual Energy and Expected 
residual energy and each output variable on the 
right as Chance in Fig (a) 
 

 
Fig( a) FIS using fuzzy logic toolbox 

The Rule Viewer allows you to interpret the 
entire fuzzy inference process using 18 fuzzy 
mapping rules at once, which also shows how 
the shape of certain membership functions 
influences the overall result in Fig (b) 

 
      Fig b) The Ruler view displays of the whole FIS  

The Surface Viewer can generate a three-
dimensional surface on output chance with two 
inputs residual energy (RE) and Expected residual 
Energy(ERE) in fig(c)  

 

Fig c) The surface view displays on output 
Chance with inputs RE and ERE 

In Fig (d) shows the plot of output chance versus 
input residual energy. For lower values of input 
residual energy output chance value is low. As 
higher values of residual energy, output chance 
increases.

 

Fig d) Output Chance versus input Residual 
Energy 
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The plot of the Output Chance versus input 
Expected residual energy as shown in Fig (e). 
Very lower values of ERE, chance is very low and 
remain constant. When for higher values of  ERE, 
chance increases. For very high values of ERE, 
Chance is very high and remain constant. 

 

Fig. e) Output Chance versus input Expected 
residual  Energy. 

V  CONCLUSION 
 

In this paper, the LEACH-ERE algorithm is designed 
for the WSNs that have stationary sensor nodes 
using Fuzzy logic toolbox in MATLAB. The main 
objective of this algorithm is to increase the lifetime 
of the wireless sensor networks. 
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