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Abstract— The main aim of the project is to maximize the 

network lifetime. In Wireless Sensor Networks, maximizing 

overall network lifetime and minimizing total energy 

consumption are the main issues. Fuzzy Dynamic Clustering 

Algorithm (FDCA) is mainly used to improve the longest 

survival time of the nodes in the network. The energy 

consumption of the network can be competently reduced 

while the nodes are organized in the form of clusters. Based 

on FDCA, cluster head (CH) are selected for a cluster. By 

reducing the total energy consumption of the nodes 

automatically the overall network lifetime will be increased. 

In the proposed approach the overall network lifetime is 

increased when compared with Low Energy Adaptive 

Clustering Hierarchy (LEACH). The FDCA and LEACH 

protocol are compared based on the network performance 

analysis such as alive nodes, end to end delay, packet delivery 

ratio (PDR) and energy consumption. Simulation results 

reveals that the proposed algorithm outperforms better with 

the existing LEACH protocol. 
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I. INTRODUCTION 

A Wireless Sensor Networks (WSN) are spatially distributed 

autonomous sensor for monitoring physical or environmental 

conditions such as pressure and temperature. A WSN system 

has a gateway that provides wireless connectivity to the wired 

world and distributed nodes. The available standard include 

2.4 GHz based on IEEE 802.11 standard is mainly used for 

wireless networks. The development of WSN is motivated by 

military applications, industrial and consumer applications. A 

WSN is composed of several number of nodes. In this some 

of the nodes act as sensor nodes and the other as sink nodes. 

 Sensor Node: A sensor node has the capability of 

performing some processing, collection of sensory 

information and communicating with other nodes in the 

network. Sensor nodes are small in size, consumes less 

energy, adaptive to the environment and operate at high 

densities. Sensors are categorized as passive- 

omnidirectional sensor, passive-narrow beam sensors, 

active sensors. Sink Node- A node which receives data 

from the sensor node and then store, process and 

compress the data from the sensor node. 

II. RESEARCH METHOD 

A. Network and Radio Model 

System model has the following properties: 

 Sensor nodes are stationary and each one knows its 

location. 

 Communication channel is symmetric (i.e., the same 

energy required to transmit a message between any two 

sensor nodes). 

In the system, Fuzzy Dynamic Clustering Algorithm 

is used mainly to increase the overall network lifetime. For 

this fuzzy inference system is used. A fuzzy membership 

function is a curve that defines each point in the input space 

is mapped to a membership value between 0 or 1. Fuzzy logic 

is an approach of computing based on degrees of truth rather 

than usual true or false. Fuzzy rules are a collection of 

linguistic statements that describe how the fuzzy inference 

system (FIS) should make a decision regarding classifying an 

input or controlling an output. Fuzzy rules are basically 

written in the form of "and"/ "or" conditions.  For e.g., if 

temperature is high and humidity is high then room is hot. 

Once the membership functions (MF) and the input and 

outputs are defined, then the fuzzy rule base are composed of 

"if" "then" rules. This rule will derive the output variable from 

the input variables. Fuzzy Inference System is a system that 

uses fuzzy set theory to map inputs to outputs. In this 

algorithm, the values are transformed into five levels based 

on fuzzy linguistic variables: very low (VL), low (L), medium 

(M), high (H), very high (VH). Majorly used six steps to 

compute the output of FIS are, 

 Obtaining a set of fuzzy rules. 

 By the input membership function, fuzzifying the input. 

 According to fuzzy rules to establish a rule strength, the 

fuzzified inputs are combined. 

 By combining the rule strength and the output 

membership function, the consequence of the rule is 

obtained. 

 To get an output distribution, combine the consequences. 

 Defuzzifying the output distribution. 

 
Fig. 1: Proposed Model 

 Fuzzification- It is a process of transforming crisp values 

into grades of membership for linguistic variables using 

fuzzy rule base. It is a conversion of precise quantity to 

a fuzzy quantity. 

 Defuzzification- It is a process of producing a 

quantifiable output in crisp logic and conversion of fuzzy 

quantity to a precise quantity. 

Consequence is a phenomenon that follows or 

caused by some other phenomenon. The input to the fuzzy 

inference system are the residual energy and the expected 
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residual energy. The inputs are given to the fuzzifier and 

based on the fuzzy rule base it is processed in the inference 

engine and the output is directed to the defuzzifier. Based on 

the output of the defuzzifier the cluster head selection of a 

cluster is elected. The conditions for the election of the cluster 

head selection are based on the fuzzy membership function. 

For the election of CH, the two parameters for the inputs are 

residual energy and the expected residual energy. It is mainly 

based on If-then conditions. 

B. Residual Energy 

The expected residual energy of a node to be a cluster head 

(CH) after a steady state phase can be represented as, 

EexpResidual(l,dtoBS,n) = Eresidual-EexpConsumed 

Where, 

Eresidual = Residual energy of sensor node before CH 

selection 

EexpConsumed = Expected consumed energy of a node 

to be CH after a steady state phase. 

This can be represented as, 

EexpConsumed = Nframe*(ETx(l,dtoBS)+ n* ERx(l)). 

ETx(l,d) = Energy consumed for transmiting ‘l’ bits 

of data to ‘d’ distance. 

ERx(l ) = Energy consumed for receiving ‘l’ bits of 

data. 

Nframe can be calculated as, 

Nframe = 
tss phase

n∗tslot+tCH to BS
 

Where, 

tssPhase = time of a node to be a Cluster head. 

tslot   = time for transmission from members to the 

CH. 

tCH to BS = time for transmission from CH to base 

station. 

ETX(l, d) = {
l ∗ Eelec

TX + l ∗ εfs ∗ d2, 𝑑 < d0

 l ∗ Eelec
TX + l ∗ εmp ∗ d4, 𝑑 ≥ d0

 

ERX(l, d) = l ∗  Eelec
RX  

Where, 

Threshold value 

do= √
𝜀𝑓𝑠

𝜀𝑚𝑝
 

εfs   = Energy consumption factor for free space. 

εmp = Energy consumption factor for multipath radio 

models. 

The conditions for selecting the cluster head based 

on the inputs residual energy and expected residual energy 

are 

1) If(residual energy is very low) and (expected residual 

energy is very low) then (cluster head selection is very 

low). 

2) If (residual energy is low) and (expected residual energy 

is very low) then (cluster head selection is very low). 

3) If(residual energy is medium) and (expected residual 

energy is very low) then (cluster head selection is low). 

4) If (residual energy is high) and (expected residual energy 

is very low) then (cluster head selection is low). 

5) If (residual energy is very high) and (expected residual 

energy is very low) then (cluster head selection is 

medium). 

6) If (residual energy is very low) and (expected residual 

energy is low) then (cluster head selection is very low). 

7) If (residual energy is low) and (expected residual energy 

is low) then (cluster head selection is low). 

8) If (residual energy is medium) and (expected residual 

energy is low) then (cluster head selection is low). 

Input Output 

Residual 

Energy 

Expected 

Residual Energy 

Cluster Head 

Selection 

Very Low Very Low Very Low 

Low Very Low Very Low 

Medium Very Low Low 

High Very Low Low 

Very High Very Low Medium 

Very Low Low Very Low 

Low Low Low 

Medium Low Low 

High Low Low 

Very High Low Medium 

Very Low Medium Low 

Low Medium Medium 

Medium Medium Medium 

High Medium High 

Very High Medium High 

Very Low High Very Low 

Low High Low 

Medium High Medium 

High High High 

Very High High Very High 

Very Low Very High Very Low 

Low Very High Low 

Medium Very High Medium 

High Very High High 

Very High Very High Very High 

Table 1: Leach-FDCA 

9) If (residual energy is high) and (expected residual energy 

is very low) then (cluster head selection is low). 

10) If (residual energy is very high) and (expected residual 

energy is very low) then (cluster head selection is 

medium). 

11) If (residual energy is very low) and (expected residual 

energy is medium) then (cluster head selection is low). 

12) If (residual energy is low) and (expected residual energy 

is medium) then (cluster head selection is medium). 

13) If (residual energy is medium) and (expected residual 

energy is medium) then (cluster head selection is 

medium). 

14) If (residual energy is high) and (expected residual energy 

is medium) then (cluster head selection is high). 

15) If (residual energy is very high) and (expected residual 

energy is medium) then (cluster head selection is high). 

16) If (residual energy is very low) and (expected residual 

energy is high) then (cluster head selection is very low). 

17) If (residual energy is low) and (expected residual energy 

is high) then (cluster head selection is low). 

18) If (residual energy is medium) and (expected residual 

energy is high) then (cluster head selection is medium). 

19) If (residual energy is high) and (expected residual energy 

is high) then (cluster head selection is high). 

20) If (residual energy is very high) and (expected residual 

energy is high) then (cluster head selection is very high). 
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21) If (residual energy is very low) and (expected residual 

energy is very high) then (cluster head selection is very 

low). 

22) If (residual energy is low) and (expected residual energy 

is very high) then (cluster head selection is low). 

23) If (residual energy is medium) and (expected residual 

energy is very high) then (cluster head selection is 

medium). 

24) If (residual energy is high) and (expected residual energy 

is very high) then (cluster head selection is high). 

25) If (residual energy is very high) and (expected residual 

energy is very high) then (cluster head selection is very 

high). 

From the fuzzy membership function, based on the 

residual energy the nodes which have higher priority should 

be elected as cluster head. The conditions for the fuzzy rule 

base are composed of "if - then" rules. 

III. RESULTS AND ANALYSIS SIMULATION PARAMETERS 

A. Simulation tool used: Network Simulator2 

Parameters Values 

Number of nodes 100 

Initial energy 2 joules 

Simulation area 1000 m * 1000 m 

Energy consumed for 

transmitting / receiving  per bit 
50 nJ/ bit 

Free space energy  

consumption factor 
10 pJ/bit/ m2 

Energy consumption factor for 

multipath radio models 
0.0013 pJ/bit/m2 

Table 1:  Simulation tool used: Network Simulator2 

The simulation results shows the comparison 

between LEACH and LEACH-FDCA in the performance 

metrics such as alive nodes, packet delivery ratio, delay and 

the energy consumption. If the number of nodes increases 

then the number of alive nodes will get decreased. In the 

proposed system, the number of alive nodes get decreased is 

less when compared with the LEACH protocol. This is shown 

in the following graph Fig 2. 

 
Fig. 2: Rounds Vs Number of Alive Nodes 

If the number of rounds is increased then the average 

end to end delay will also get increased. When compared with 

LEACH protocol the proposed system is better. This is shown 

in Fig 3. 

In LEACH protocol the PDR will get decreased if 

the number of rounds increased. But in the LEACH FDCA, 

the Packet Delivery Ratio (PDR) will be constantly 

maintained. This is shown in Fig 4. 

 
Fig. 3: No. of Rounds Vs Delay 

 
Fig. 4: No. of Rounds Vs PDR 

In LEACH protocol, if the number of rounds get 

increased then the remaining energy will get decreased. When 

compared with LEACH, the remaining energy in the 

proposed system is high. This is shown in Fig 5. 

 
Fig. 5: No. of Rounds Vs Remaining Energy 

IV. CONCLUSION 

Thus the proposed Fuzzy Dynamic Clustering Algorithm 

(FDCA) in Wireless Sensor Networks is used to enhance the 

network lifetime. FDCA based approach is proposed in order 

to maximize the network lifetime based on the cluster head 

elected for a cluster. The result obtained by the proposed 

system shows that the network lifetime is maximized and the 

energy consumption of the nodes are reduced. The output of 

proposed FDCA and LEACH are compared and generated in 

the form of graph. The performance analysis of the proposed 

system is better when compared with the existing system. It 
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has high PDR, energy consumption and low end to end delay. 

Hence the network lifetime is improved in WSNs. 
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