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Abstract— Wireless Sensor Networks are battery controlled 

and deployed randomly or deterministically in hazardous 

places where traditional infrastructure based network is 

practically infeasible. Once sensor nodes are deployed, it 

should sustain for a long period. Node clustering is a key 

technique for extending the lifetime of a network by reducing 

energy consumption which can also increase network 

scalability. An energy conscious and load balanced dynamic 

clustering protocol is proposed based on artificial bee colony 

(EBABC). Type-2 fuzzy logic is used to implement this. 
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I. INTRODUCTION 

The huge applications of WSNs bring many challenges even 

if these tiny sensor nodes are battery controlled and deployed 

randomly or deterministically in hazardous places where 

traditional infrastructure based network is practically 

infeasible. There are many typical issues like limited energy 

resources, limited computing capacity, open environment and 

wireless connectivity makes the sensor network failure most 

of the time. Once sensor nodes are deployed, nodes with finite 

battery power should sustain for months or years at a stretch 

without any intervention. An important design issue in WSNs 

is to reduce the energy consumption by the use of energy 

conserving hardware, operating system and communication 

protocols. Further, among the communication the design of 

routing schemes is even more complex and must be able to 

exchange, process the information effectively and efficiently. 

Transmission energy that dominates overall energy 

consumption is proportional to the distance between the 

transmitter and receiver. In order to design a suitable 

protocol, it is important to understand the parameters that are 

relevant to the applications. Few of them are discussed here. 

 Self-Organizing Capability 

Sensor Networks consist of hundreds or thousands of sensor 

nodes must have self-organizing capability to communicate 

with each other when they are deployed in remote 

places/dangerous places without human monitoring system. 

 Network Lifetime 

It is always expected that the network should be functional as 

long as possible. So, all aspects of the node such as hardware 

to the protocols must consider energy efficiency. 

 Load balancing 

Routing protocols must balance the load among all the sensor 

nodes so that network lifetime can be enhanced. 

 Scalability 

When the network grows in size, excessive communication 

overhead must not be introduced even if it is unavoidable 

while constructing the path to the sink. 

 Latency 

Data obtained from the sensor network is time sensitive. For 

instance, a fire fighter may require timely updates for 

knowing the present fire conditions whereas soil monitoring 

system may require the report after every few hours. 

 Clustering 

Grouping the sensor nodes into clusters satisfy the scalability 

objective and achieve energy efficiency with prolonged 

network lifetime in large scale environments. Hence 

designers of routing protocols must consider the 

characteristics of sensor nodes, types of application and 

architectural requirements etc. 

Low Energy Adaptive Clustering Hierarchy 

(LEACH) and centralized LEACH (LEACH-C), are two 

well-known clustering based routing protocols are discussed 

in [1] and [2].  It provides many more opportunities for 

developing new protocols. LEACH adopts 

1) Randomized probabilistic model 

2) Local information for data transfer 

3) Low energy media access control 

4) Application specific data processing such as aggregation 

or compression etc. 

 
Fig. 1: General System Model for Cluster Based WSN 

But in practice, it is not advisable to consider only 

the probabilistic model or one parameter like energy to elect 

the CH. More parameters like distance to BS, concentration 

and centrality can be included to elect the CH. The proposed 

algorithm builds on the top of the principle of LEACH. Fuzzy 

Logic is capable of taking real time decisions with imprecise 

and incomplete information. It is very simple and flexible to 

take real time decisions under uncertain environment. 

Further, T2FL model can handle the uncertainty environment 

more accurately than T1FL model because the membership 

degrees of T2FL are themselves fuzzy sets. In general, 

random uncertainties are related to probabilistic theory and 

Linguistic randomness is related to fuzzy sets. The power of 

fuzzy sets changes with different types of fuzzy models such 

as type-1 to type-n, since they are intended to cope with 

varying levels of uncertainty. In this work, T2FL model is 

used in view of improving the routing technique by efficiently 

electing a cluster head. 
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The remaining of the paper is organized as follows: 

as follows. Section II outlines the related work and Section 

III presents the Energy Radio Model of WSN. Section IV 

presents the Fuzzy Inference Modules and Clustering 

Algorithm. 

II. RELATED WORK 

The clustering based routing protocol views that each CH 

within a cluster carries the responsibility of delivering the 

message to the base station. This section discusses most of 

the well-known clustered based routing algorithms. As the 

proposed protocol aims at fuzzy logic concept, few FL based 

clustering algorithms have been discussed here. To make it 

significant, we have divided clustering algorithms into two 

parts; one is Probabilistic Model and other is Fuzzy Logic 

Model. In section II-A; some clustering algorithms have been 

discussed based on probabilistic model and in II-B; few 

clustering algorithms are discussed based on fuzzy logic 

model. 

A. Hierarchical Routing Protocols Based on Clustering 

LEACH [1], [2] is a famous hierarchical routing protocol 

where CH is elected on rotation basis based on a probabilistic 

model and each sensor node gets equal chance to be a CH. 

LEACH protocol considers two phases; set up phase and 

steady state phase. In Set up phase, cluster formation is done 

and actual data is transmitted in the steady state phase. Each 

node chooses a random number between 0 and 1 to be the CH. 

If the number is less than the threshold value T(n), 

the node gets the chance to be the CH for the current round. 

The threshold value T(n) is defined in equation 1. 

 
r is the round which already ended, p is the 

probability of the nodes to be the CH, G is a set of nodes 

which have never been cluster head in the last 1/p rounds. In 

[2], LEACH-C uses a centralized approach to elect the CH. 

BS uses the centralized approach to know the position 

information and energy of individual node. Better clusters are 

formed by BS by distributing CH nodes throughout the 

network. The main drawback of LEACH-C is discussed in 

[21]. PEGASIS is the modified version of LEACH discussed 

in [3], where the nodes communicate with their closest 

neighbours and form a chain to deliver the message to BS. A 

new round starts only when a round of nodes communicating 

with the BS ends. In [4]–[10], many clustering protocols have 

been discussed. 

B. FL Based Clustering Protocol 

Many research discuss about Fuzzy Logic (FL) how it can be 

applied on clustering so that the energy consumption will be 

minimized. CHEF [5] considers two fuzzy parameters such 

as proximity distance and energy to elect the CH. Abhijeet 

Alkesh et al. [6] and Taheri et al. [7] has considered three 

fuzzy parameters such as energy, concentration, and 

centrality to calculate the chance to be the CH and extends 

the network life time. In F-MCHEL [8], CH is elected by 

utilizing fuzzy rules based on energy and proximity of 

distance. The node is having maximum residual energy 

among the CHs is elected as a Master Cluster Head (MCH) 

and sends the aggregated data to the base station. F-MCHEL 

is an improvement of CHEF. The advantages and 

disadvantages of these protocols are discussed in [21]. In [9]–

[12] many protocols have been discussed based on fuzzy 

techniques. 

C. Problem Formulation 

A routing chain in WSN is an ordered sequence of all the 

nodes in the network forming a chain like structure to deliver 

the message to the BS. As discussed in beginning, Clustering 

approach can greatly contribute to overall system scalability, 

energy efficiency and network lifetime. It improves the power 

control and helps to reuse the bandwidth for better resource 

allocation. On the other hand, single hop communication 

overburdens the gateway with the increase in sensor density. 

The aim of this algorithm is to minimize the energy 

consumption at the cluster level by forming an optimal data 

gathering chain. In [16], a protocol is proposed based on three 

fuzzy parameters such as remaining battery power, mobility, 

and distance to base station to elect a super cluster head 

(SCH) among the CHs. But the major drawback of this 

protocol is that the lifetime of the network remains constant 

irrespective of the mobility of BS. 

The existing algorithm approaches to a single hop 

clustered WSN and may not scale well for larger applications. 

Further, the author discusses the impact of T2FL on 

clustering in [21], where the simulation results are not 

discussed in detail. So, effort has been made to investigate the 

impact of T2FL on clustering for a multi hop WSN where the 

message can be delivered to far away BS for larger 

applications. The block diagram of a T2FL Inference system 

is shown in Fig 5. 

III. ENERGY MODEL ANALYSIS 

 
Fig. 2: Energy Radio Model 

The sensor network is divided into number of levels. The 

sensor nodes from sensor network form the cluster of 

different size at different levels. Each cluster has a CH. The 

information sensed by each node is transmitted to CH. Each 

CH gathers the data from its cluster members, compresses it 

and sends the compressed data to the base station. Since most 

of the energy is dissipated during the transmission, the energy 

optimization technique has been used. The energy model 

considered in our work is referred from [26] as shown in Fig. 

2. The transmitter dissipates energy to run the radio 

electronics and power amplifier whereas the receiver 

dissipates energy to radio electronics. The amount of energy 

consumption required for l bits to travel to a distance d (from 

the transmitter to the receiver) during transmission and 

reception is given in equation 2. 
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Eelec represents the energy dissipated per bit to run 

the transmitter or the receiver circuit. The amount of energy 

consumption depends on some parameters such as digital 

coding, modulation, filtering and spreading of the signal. Εfs 

& εmp are the characteristics of the transmitter amplifier. 

As the distance between transmitter and receiver is 

less than the threshold value d0, the free space model (d2 

power loss) is used. Otherwise, the multipath fading channel 

model (d4 power loss) is used. Power control can be used to 

invert this loss by appropriately adjusting the power 

amplifier. 

 

IV. EXISTING SYSTEM 

A. System Assumption 

In the existing model, sensor nodes are considered to be 

deployed uniformly to monitor the environment 

continuously. 

1) All the sensor nodes are considered to be static including 

the base station. 

2) Homogeneous networks have been considered such that 

all the sensor nodes have initial equal energy. 

3) Distance between the base station and the sensor node is 

computed based on received signal strength indicator 

(RSSI). 

4) A stand by CH (SB-CH) is elected in the last level of the 

chain (nearer to the BS) for delivering the message to BS 

in case of any energy drop out occurs at last CH. 

5) System Model 

In the existing model, CH is elected based on the T2FL 

model viewing that T2FL can handle higher level 

uncertainties present in the complex real world 

environments [23]. The basic reference model for Type-

2 is given in Section D. The proposed model is depicted 

in Fig 3. 

 
Fig. 3: Existing Model for Multi-Hop Clustering 

B. Existing Algorithm 

/∗ for each round∗/ 

1) Let N sensor nodes distributed randomly over M×M 

region where k clusters are assumed 

2) N sensor nodes are divided into different levels. 

3) Level should be numbered according to the distance from 

the base station. 

4) Elect the CH at each level based on T2FL Model. 

5) Apply Fuzzy if-then-else rule to elect the CH. 

6) Select k-optimal CHs in each round /∗for k-optimal CH 

∗/ 

7) Transfer the data from one CH to other CH till it reaches 

at the base station but data should come from the upper 

level 

8) One sensor node with higher energy is elected as a stand 

by (SB-CH) close to the base station to resume the 

connectivity if any failure occurs at last CH (the reason 

is that CH closer to BS consumes more energy) /∗end of 

for ∗/ 

9) BS collects the aggregated data from last CH in the chain 

/∗ End of rounds ∗/ 

 
Fig. 4: Block Diagram of Type-1 Fuzzy Inference System 

 
Fig. 5: Block Diagram of Type-2 Fuzzy Inference System 

C. Fuzzy Logic Model 

T2FL produces smooth performances and always 

outperforms T1FL model. The inference techniques and the 

fuzzy system used for our proposed model are given in Fig6. 

Three fuzzy input variables are considered to elect the 

tentative CH. All the three input variables have three 

membership functions each. The linguistic variables for the 

fuzzy set is less, medium and high. Triangular membership 

function has been considered for less, medium and high. The 

linguistic variables for distance to BS are taken as close, 

adequate and far. The third fuzzy input variable is the 

concentration that means how many senor nodes are available 

in that particular locality. The linguistic variables for 

concentration are considered as low, medium and high. The 

degree of the membership function is shown by a numerical 

after each membership function 
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Fig. 6: Type-2 Fuzzy Logic (T2FL) System for the Proposed 

Model 

V. PROPOSED SYSTEM 

We propose an energy-efficient and load-balanced dynamic 

clustering protocol based on artificial bee colony (EBABC) 

which comprises of two parts. The first part is to determine 

the number of cluster heads based on the nodes’ distribution 

and communication radiuses. The second is to select the 

cluster heads according to the residual energy, mobility, 

number of single-node cluster and distances to cluster heads 

from their member nodes and to the server from cluster heads. 

Regular nodes join the cluster head by considering the cluster 

size and communication radius. 

VI. CONCLUSION 

The basic LEACH protocol is a promising protocol and 

provides an opportunity to improve in various parts of the 

communication protocol so that the applicability of the 

protocol can be widely extended. In this work, the whole 

sensor network is divided into number of levels and at each 

level, efficient Cluster Head is elected based on T2FL Model. 

Three fuzzy descriptors such as remaining battery power, 

distance to base station, and concentration have been 

considered. Each Cluster Head sends the data to the next level 

(starting from the first level to the last level) till it reaches at 

the base station. The novelty of the protocol utilizes the 

concept of Type 2 Fuzzy Logic justifying that fuzzy logic 

model handles real time problems more accurately than any 

other probabilistic model. Again, Type 2 Fuzzy Logic Model 

handles the measured level of uncertainties more accurately 

than Type1 Fuzzy logic model. Further, multi-hop 

communication protocol provides a wider scope for larger 

application. It is concluded from simulation results that T2FL 

model provides better scalability, better lifetime compared to 

T1FL, LEACH single hop and LEACH multi-hop protocol. 
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