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ABSTRACT 

Wireless sensor network is made up of sensor node which is 

having constrained power, confined size and price. Function 

of sensor node is to sense physical data from environment; 

process this data and sends this data to sink. To defeat this 

hurdle, data need to send in appropriate manner by using 

routing protocol. By using fuzzy logic related clustering, 

optimal number of cluster head can be selected, distribution of 

cluster head is achieved, and power consumption is also 

reduced. Different Fuzzy related clustering method is 

described here.  
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1. INTRODUCTION 
WSN is made up of large number of sensor node. Sensor node 

required to perform sensing, data processing and data 

communication task [1].For performing such task, sensor 

node required to have more energy. Sensor node’s battery 

cannot be replaced easily because it is deployed in area where 

it is difficult to reach. It may be placed by helicopter so it is 

not easy to change battery, once it is deployed. Because of 

limited capability of sensor node, it is required to design 

efficient routing protocol that enhance the efficiency of 

network and reduce power consumption. Routing protocol 

require to send data from one node to another node. Routing 

protocol can be classified according to location of sensor 

node, network operation, network structure etc. 

Cluster associated routing protocol composes four main task. 

Cluster formation, clusters head selection, data aggregation, 

data communication[2].In clustering associated protocol 

cluster head will collect data from node within cluster ,it will 

process on data and then report data to sink . So cluster head 

required more energy than the member node [3]. 

 

Fig 1 : Clustering Process [2] 

According to the role, sensor nodes in clustering process may 

be classified into four categories as below [2]. 

 

 
Fig 2 : Basic Clustering Model 

Base station: Base station composes of unlimited source of 

energy and it is having huge processing capability. All fused 

data are processed at the base station based on application and 

requirement of user. 

Cluster head: Cluster head is coordinator of nodes within a 

group. It collects the all data which is sensed by the cluster 

members. It also sends sense data to main station. 

Relay node: It is liable for relaying fused data or sensed data 

by other nodes towards main location. 

General node: General node covers majority part of network. 

It takes care of sense data according to application. 

 

Objective of clustering are set to meet the requirement for 

application. It is used in military application, object tracking, 

detection of chemical or biological agent threats, weather 

monitoring etc. The different objectives are load balancing, 

Fault tolerance, increased connectivity, reduced delay, 

minimal cluster count, maximum network longevity, reduce 

energy consumption, Scalability, localized control, reduce 

complexity and  reduce communication overhead [4].  
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1.1 Clustering Classification: 
Clustering can be classified according to type of data, 

similarity between two points, and method of defining cluster. 

According to method of define cluster clustering is classified 

into below category. 

Fig 3 : Classification of Clustering Algorithm [5] 

Heuristic based algorithm is used to get optimal number of 

cluster head. Heuristic research algorithm elects a cluster 

head.one of heuristic clustering algorithm is LCA (link cluster 

algorithm). In this algorithm each node is having a unique ID 

number and each node have two different ways for becoming 

cluster head. First way is that if a node having highest ID 

within cluster then it becomes a cluster head and in second 

way; a node makes assumption that there is no cluster head in 

cluster then it recognizes itself as cluster head. In weighted 

scheme, the weight of sensor node is defined according to the 

position of sensor node, the residual energy of sensor node, 

and the distance from sensor node to the base station. Using 

weight information, better cluster heads can be elected that 

require less energy for data transmission [6]. In hierarchical 

scheme; a cluster attribute such as size of cluster and degree 

of overlap are useful for management and scalability of other 

nodes. Power-Efficient Gathering in Sensor Information 

Systems is a data collecting algorithm that builds the concept 

that energy savings can result from sensor nodes not directly 

forming clusters [4]. Grid related clustering algorithm is 

capable to balance energy consumption among all nodes in 

network and extend the network lifetime. This algorithm also 

maintains traffic from cluster head to its neighbor and cluster 

head to another cluster head 

 

2. INTRODUCTION TO FUZZY LOGIC 
Fuzzy related approach is proposed by Lotfi A. Zadeh. There 

are two approaches consider for clustering: round-robin and 

fuzzy logic. Round-robin schedules a cluster head to be again 

cluster head with periodic time interval which is adjustable 

with homogenous network whereas fuzzy logic provides 

flexibility of being used in heterogeneous network. Advantage 

of fuzzy logic related clustering is that it gave decision like 

human being. It does not allow to system to operate 

mathematically [7].If sufficient data is not available at that 

time fuzzy logic related method work efficiently. Fuzzy logic 

used partial membership instead of crisp membership. Fuzzy 

concept is very easy to understand. Fuzzy logic is relevant to 

natural language. Fuzzy logic is less rigid than the calculation 

that computer generally perform [15]. Fuzzy logic is fine 

alternative for many control problems.  Features of fuzzy 

logic are, Smooth noise-tolerant output control function in 

vast span of input variations, adaptive modifiable governing 

rules for fuzzy Logic controller processes, simple and 

imprecise implementation of Fuzzy Logic having low system 

cost and low complexity and in this various numbers of inputs 

can be given [2]. Fuzzy related clustering method is 

unsupervised learning method. Here rules mapping is done in 

terms of word instead of numbers. 

 
Fig 4 : Fuzzy Logic Controller Structure [2] 

Firstly input is given to fuzzy system and determines the 

degree of membership function. Input given to fuzzy system is 

crisp value while output is fuzzy degree of member ship in 

linguistic set. Membership function combines a fuzzified 

input according to rules to build rule strength. In this rules 

need to combine for getting output. Output is defuzzified for 

getting crisp numeric value. The input to defuzzifier block is 

whole set and output is only single crisp value. For 

defuzzification, different method like centroid method, 

maximum method, mean of maxima, extended center of area 

can be used [8].  

 

3. VARIOUS FUZZY RELATED 

CLUSTERING METHOD 
Fuzzy related clustering method gives many solutions to 

clustering issue. Here fuzzy related clustering method is 

described. 

3.1 Fuzzy related approach for distributed 

CH (cluster head) selection 
Jong-myong kim et al. consider homogeneous network and all 

node are immobile having same initial energy. Here 

probability related model is used. In this every node generates 

random number between 0 and 1. If random number is less 

than   then node calculating chance for becoming cluster 

head. 

 

 ………………….(1) 

 

Where, P is percentage of cluster head.  is constant value 

[3]. For calculating chance, two fuzzy variables are used. 

These are remaining energy of node and local distance i.e. 

sum of distances between node and nodes within r radius. 

 

r =sqrt ( )………………..…(2) 

 

Where, P is percentage of cluster head. Fuzzy rule is applied 

on two input variable (energy, local distance) and output 

(chance) is calculated.   Chance (capability of becoming 

cluster head) is calculated by applying fuzzy if then rule on 

input variable. The bigger chance means node have more 

capability to become cluster head. If energy is high and 

distance is close then chance is very high. Chance is 

converted into crisp number by using center of area method. 

In this, proposed method is 22.7 more efficient than 
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conventional LEACH [3]. Here communication overhead 

reduced and hence lifetime of network is increased. 

 

Dastgheib et al. proposed fuzzy related clustering method that 

overcomes the weakness of conventional LEACH. Here 

author proposed a distributed method. For real time operation 

trapezoidal and triangular membership function is widely 

used. Proposed method take appropriate inputs like centrality, 

number of neighbor’s, remaining energy, received signals and 

absence round of cluster head and output is chance of a node 

to become a cluster head [8]. Output is converted into crisp 

number by using center of area method. Author tries to 

combine this fuzzy approach with simple LEACH protocol. 

This approach has more speed because of distribution of 

cluster head. Energy consumption is also less [8]. 

 

Trong the Nguyen et al. proposed a method that uses three 

fuzzy descriptors to calculate competition radius. Three input 

fuzzy descriptors are distance to base station, residual energy, 

and number of neighbors. If number of neighbors are high and 

residual energy is high and distance to base station is far then 

competition radius is small. By calculating the output 

(competition radius), proposed method reduces intra cluster 

traffic of sensor nodes which are closer to sink [12]. Here 

cluster head is selected using node location, competition 

radius. For mapping of rules, fuzzy mamdani method is used. 

Here main goal is to extend the lifetime of WSN. The 

proposed method is 54 % better than hierarchical LEACH 

[12]. 

3.2 Fuzzy related approach for centralized 

cluster head selection 
Indrianil Gupta et al. proposed a fuzzy logic approach for 

cluster-head election based on three descriptors - energy, 

concentration and centrality. Using network information 

lifetime of network can be increased. Node energy is energy 

level available in each node, concentration is number of node 

in vicinity and centrality is how central a node within its 

cluster and centrality can be calculated by sum of square 

distance of other node from given node [9]. If energy and 

concentration is high and centrality is close then chance of 

becoming cluster head is very large. Here cluster head is 

elected by base station. Base station contains global 

information about network. Method is mostly depending on 

network configuration. Here Center of gravity method is used 

for defuzzification. 

 

Md Abdul Alim et al. proposed fuzzy related energy aware 

dynamic clustering method, which maximizes network 

lifetime in terms of last node dies [14]. Main advantage of this 

technique is that it forms optimal number of cluster head. 

Also this protocol has low complexity and less computational 

load. Here residual energy and nodes centrality is calculated 

by each node. Each node gives this information to base 

station. Base station computes the output (fuzzy cost) 

according to two input variable (residual energy and node 

centrality).  Centrality is defined as how central the node 

among its neighbor’s. if residual energy is high and node 

centrality is also high then output(fuzzy cost i.e. chance of 

node to be a cluster head) is very high. According to input 

variable, output cluster head is selected by base station. 

Proposed technique is 11.5 % better than classical LEACH 

[14].  

3.3 Fuzzy related approach using power 

reduction algorithm for CH selection 
Junpei anno et al. proposed a system for election of cluster 

head and this system reduce power consumption. System uses 

three input parameter are distance of cluster centroid (distance 

between neighbor node to cluster head), remaining battery 

power of sensor and network traffic. By applying fuzzy 

control rule output (possibility of cluster head selection) is 

calculated. In this system with increase of sensor power and 

decrease of distance, the possibility of sensor to be selected as 

cluster head is increased. With increase in sensor power and 

distance, possibility of sensor to be selected as cluster head is 

decrease. For selection of cluster head remaining power of 

sensor node is most important parameter [10]. 

 

Junpei anno et al. proposed cluster head election method using 

fuzzy logic and number of neighbor nodes. In this three input 

parameter remaining battery power of sensor, degree of 

number of neighbor nodes and distance from cluster centroid 

are used to for election of cluster head. The system is 

implemented using NS-2 simulator [11]. Here triangular and 

trapezoidal membership function is used because these 

functions are suitable for real time operation [11].  

 
Fig 5 : Triangular and trapezoidal membership functions 

[11] 

3.4 Fuzzy clustering system for CH 

selection 
Hironori Ando et al. suggest a method for cluster head 

election. Cluster head election greatly affects communication 

energy consumption. For better cluster head election, four 

linguistic parameters can be used. The parameters are 

remaining battery power of sensor, degree of number of 

neighbor nodes, distance from cluster centroid and network 

traffic [13]. Fuzzy if then rule is applied on this input 

parameters and possibility of cluster head election is 

calculated. Proposed system is implemented using matlab 

tool. Proposed method has good selection of cluster head [13].  

3.5 Fuzzy approach with Ant Colony 

Optimization 
Song Mao et al. proposed energy saving clustering technique 

and inter cluster routing protocol that consider local 

information such as remaining energy level, distance to base 

station and local density to compute chance of becoming 

cluster head and calculate cluster head radius [15]. Here ant 

colony optimization is apply for inter cluster routing that 

forms energy aware routing between base station and cluster 

head. This method is 84 % better than conventional LEACH. 
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Table 1 : Summary of Different Fuzzy Algorithm 

Approach Advantage 

CHEF This approach has more speed. 

Distributed cluster head is 

selected.  

Fuzzy approach with 

centralized CH selection 

It increase network lifetime 

and it is suitable for medium 

size cluster. 

FCS(fuzzy clustering 

system)  

Possibility of node to be 

selected as CH is increase as 

increase in number of 

neighbor and remaining 

battery power. This system 

extend network lifetime by 

proper selection of CH. 

IFUC (improve fuzzy 

unequal clustering) 

Use ant colony optimization 

and construct energy aware 

routing to reduce energy 

consumption. 

 

4. CONCLUSION 
This paper gives detailed information about concept of fuzzy 

logic and different clustering approaches related to fuzzy 

logic. Advantage of using fuzzy logic scheme is also 

described. Fuzzy related clustering method gives better result. 

It can be used for reducing power consumption so the network 

lifetime is increase. For future work fuzzy concept can be 

integrated with clustering algorithm and network lifetime can 

be increased by proper selection of cluster head. 
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