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Abstract— Wireless sensor network (WSN) is a group of 

spatially distributed autonomous sensors, connected to a 

Wireless Sensor Node, which gathers data and commonly 

passes it through the network to a central location. The 

features of WSNs are quick expansion, self-organization as 

well as self-adaptation to the environment. It plays an 

essential role in our daily lives also it meets the 

requirements of numerous application areas like industrial, 

cultural, environmental.  The energy efficiency of nodes and 

life time of network is becoming a general requirement for 

wireless sensor networks. Different clustering approaches 

are used to reducing energy dissipation in the network and 

optimize of sensor nodes for achieve successful 

communications among the nodes. This paper reviewed 

different energy efficient algorithms of clustering in WSNs. 

Key words: Wireless Sensor Network, Distributed 

Clustering Algorithm, Hybrid Clustering Algorithm, 

LEACH, ULEACH, EEHMC 

I. INTRODUCTION 

Wireless sensor networks are collection of sensor nodes 

organized into a cooperative network. The nodes are 

communicated with each other by the wireless medium. 

From hundreds to thousands of nodes can be deployed in a 

network to sense the environment. All nodes work mutually 

and transmit data to base station [1]. Following figure 

illustrates the basic structure of WSN, 

 
Fig. 1: Wireless Sensor Network 

In many applications, sensor have to be grouped 

together to function automatically in the wireless sensor 

network for sustain high scalability as well as improved data 

aggregation. The sensor nodes are regularly grouped into 

individual, disjoint, non-overlapping subsets known as 

clusters [2]. Clustering is applied in WSNs to grant whole 

network scalability, efficient utilize of constrained resources 

which offers network topology stability with energy saving 

characteristics. Each cluster has a cluster head and cluster 

members in cluster based architecture. In each cluster, 

cluster members are exchange the data with their respective 

cluster head and base station will collect data from cluster 

heads [3]. In this paper, a survey on clustering techniques 

and algorithms of wireless sensor networks are discussed.   

II. CLUSTERING SYSTEM 

Clustering system is one of the best approaches applied to 

save energy in WSN. Clustering is the process of arrange 

sensor nodes into various groups called clusters. In order to 

accomplish network scalability, the grouping of sensor 

nodes into clusters has been broadly followed by the 

research community. At each cluster, sensor nodes are plays 

different roles like cluster head, cluster member node. A 

cluster head is a group manager in every cluster that gathers 

sensed data from member nodes and transmits the 

aggregated data to the next clustering head and base station 

collects the finalized data from all cluster head [4]. The 

below figure demonstrates the clustering process in WSN,  

 
Fig. 2: Clustering Process in WSN 

The role of cluster member node is to sense data 

from the environment they deployed as well as send data to 

cluster head. Clustering method have to met the following 

requirements as [5],  

1 
Clustering is entirely distributed and every node alone 

makes its decisions based on local information. 

2 
Clustering terminates within a fixed number of iteration 

based on network diameter 

3 
At every cluster, each node is either a cluster head or a 

cluster member that belongs to exactly one cluster. 

4 
Clustering should be effective in terms of processing 

difficulty as well as message exchange. 

5 
Cluster heads are very well circulated over the sensor 

field. 

III. CLUSTERING ALGORITHMS 

This section presents and analyzes various clustering 

algorithms based on energy efficiency for WSNs. Clustering 

algorithms are developed and analyzed by several 

researchers for building  scalable,  robust  and  energy  

efficient applications  in  order  to  ensure  efficient  network  

operations. It can be classified as follows, 
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A. Distributed Clustering Algorithms:  

Distributed clustering algorithms changing the cluster head 

from one node to another node based on certain pre-assigned 

parameters e.g. cluster size, cluster count. So, in these types 

of algorithms there is no fixed central cluster head.  It can be 

classified into equal and unequal clustering [6].  

1) LEACH: 

LEACH stands for Low Energy Adaptive Clustering 

Hierarchy. In this clustering mechanism, energy 

consumption is distributed all along its network and the 

network can be divided into cluster head and cluster 

member. The cluster head was elected randomly and it 

collects the data from which are coming under its cluster. 

The cluster head choosing decision made by selecting node 

‘n’ randomly form 0 to 1 with a probability p. If number is 

less than threshold T (n), the node selected as a cluster head 

for the present round. The below equation used to determine 

the threshold value,   

 
Here ‘P’ is the required percentage of cluster heads 

and ‘G’ is the set of node that are not cluster head in 1/p 

rounds and ‘r’ is present round number. At r = 0 each node 

has probability p of being cluster head. As ‘r’ increase 

probability that the other nodes are cluster heads should be 

increased, since there is less number of nodes which are 

eligible to become cluster head [7].  

2) HEED: 

HEED means Hybrid Energy Efficient Distributed 

Clustering. It selects the cluster head based on both 

remaining energy and communication cost. HEED method 

not allowed to select the cluster head randomly. Basically 

the HEED protocol executed in following three subsequent 

phases such as, 

1 Initialization phase 

2 Repetition phase 

3 Finalization phase 

In initialization phase, the initial cluster head nodes 

percentage will be given to the nodes. It is represented by 

the variable Cprob. Every sensor node calculates its 

probability to become cluster head by using below equation,  

 
This method supports heterogeneous sensor nodes. 

Emax may differ for various nodes based to its capacity and 

functionality. In Repetition phase, this phase was iterated 

until the cluster head node was found with least transmission 

cost. If the node cannot determine the proper cluster head, 

then the concerned node was elected as cluster head. The 

cluster head was finalized in finalization phase. The 

tentative cluster head now becomes the final cluster head 

node [8].  

3) ULEACH: 

LEACH is a first developed clustering algorithm that elects 

cluster head according to probability. Some of the practical 

difficulties in LEACH, Ren et al. [9] proposed an improved 

model for LEACH which has more different set-up stage 

called ULEACH. It build the clusters depends on Adaptive 

On-demand Weighting (AOW) that is a tradeoffs between 

residual energy to total energy and competition range. In 

this method, the clusters are unequal in size as well as the 

cluster heads directly transmit the information to base 

station without any intermediate nodes. Every node in the 

cluster is to acquire information about neighbour nodes to 

decrease energy consumption a distance matrix. The energy 

ratio of recent to primary energy and competition distance 

were applied for generating a network structure with 

unequal clusters. Compared to LEACH method the 

ULEACH gets more stabilized network topology and 

maximum lifetime. This protocol avoids hot spot trouble as 

well as it is well appropriate for large scale WSN where the 

density of nodes is high [9].  

4) UHEED: 

UHEED is a distributed method that resolves the hotspot 

trouble and maintains same amount of residual energy in the 

network and maximizes the network lifetime. This is the 

improved version of HEED. HEED uses two parameters for 

clustering such as node degree and residual energy. The 

cluster heads utilize the same competition radius and the 

distance to base station is not considered that leads to hot 

spot problem. m. UHEED constructs different size clusters 

based on the distance of cluster heads to base station and 

smaller clusters which are formed for cluster heads closer to 

base station. UHEED also determines the approximate 

cluster size using the distance information. A competition 

radius formula is applied to generate smaller size cluster 

close to base station. It reduce the energy consumption in 

smaller clusters according to intra-cluster traffic also 

preserve more energy to focus on more inter cluster traffic. 

UHEED method is increase the network lifetime compared 

to LEACH, HEED and Unequal LEACH [10]. 

5) EEUC: 

EEUC means for Energy Efficient Unequal Clustering. At 

the time of data transmission from nodes to base station, the 

cluster heads nearer to the base station are endured with 

large transmit traffic. Due to this problem, these nodes use 

more energy and generating hot spot problem. To overcome 

this problem EEUC method was   developed for periodical 

data gathering. As cluster heads nearer to the base station 

perform as routers of cluster heads away from the base 

station during delivering information to base station, clusters 

close to base station are smaller than clusters away from 

base station and uses multi hop data forwarding method 

[11]. The below figure demonstrates the cluster mechanism 

of EEUC,  

 
Fig. 3: Cluster Mechanism of EEUC 
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6) ULCA: 

ULCA stands for Unequal Layered Clustering Approach. 

This protocol developed to resolves the hot spots trouble in 

large scale wireless sensor network. If the size of cluster 

increases, the distance from base station to nodes increased 

automatically. In this method, the entire network is divided 

into layers of different unequal size of clusters. This 

algorithms includes the following three phases,  

1 Initial phase 

2 Cluster setup phase 

3 Data transfer phase 

Unequal Layered Clustering Approach uses Inter-

cluster Multi-hop Routing for data transmission from node 

to base station [12]. 

7) EDUC: 

Energy Driven Unequal Clustering (EDUC) is a distributed 

algorithm. It decreases the energy consumption as well as 

avoids hot spot problem in heterogeneous WSN. EDUC 

algorithm successfully directs the energy consumption of 

nodes within a cluster to decrease the energy drop. It 

engages an unequal clustering algorithm and an energy 

driven clustering head rotation method. This method 

includes two phases, 

1 Cluster construction phase 

2 Data collection phase 

To transmit an l-bit message to a distanced node 

from base station, same energy model is used in EEUC. At 

the time of cluster head competition stage waiting time Tw 

of all nodes is computed according to their residual energy, 

that can be calculated by using below equation,  

 
Here Ecuri is the residual energy of node i, and 

Emax is the max residual energy of network. This approach 

is not valuable for multi-hop networks because energy 

threshold should be very accurate. Compared with LEACH 

and HEED, EDUC can delay the network lifetime [13]. 

8) EAUFC: 

EAUFC stands for Energy Aware Unequal Fuzzy 

Clustering. It is an unequal clustering algorithm and uses 

fuzzy logic system for handling the quandary in cluster-head 

radius evaluation. In order to assign competitive radius to 

clusters it uses the residual energy plus the distance to the 

base station parameters of the sensor nodes. EAUFC gets 

better results than LEACH and EEUC according to FND 

(first node die) and energy efficiency matrices [14]. 

9) EEHMC: 

Energy Efficient Hybrid Multi hops Clustering (EEHMC) 

developed to extend network life using hybrid multi hop 

communication among cluster head and base station.  In this 

approach, cluster head set up choice are executed at the base 

station. The cluster formation, relay node selection and data 

transmission decisions are taken by sensors nodes. To select 

cluster head, the base station utilizes remaining energy of 

nodes, number of neighbour in transmitter range and min 

separation distance between cluster heads as deciding 

parameters [14]. 

10) HADCC: 

In this approach, the base station is located at centre of 

network and this algorithm has two levels. In first level 

cluster formation of network is done and in second level 

distributed cluster head selection is performed. For cluster 

head selection parameters used position and residual energy 

of node. In order to select cluster head, suitability of each 

nodes m is calculated by using the below in equation,    

 
Here ECR is the energy consumption ratio and Er 

residual energy. HADCC add flexibility in cluster formation 

[15].  

11) H k-Mean: 

Hybrid Clustering Algorithm for Optimal Clusters is the 

new hybrid self-decisive clustering technique depends on 

Hierarchical Agglomerative Clustering and k-means 

algorithm. This new clustering method merges hierarchical 

and k-mean algorithm. In hierarchical approach, two nearby 

clusters are grouped recursively until single cluster arrives. 

K- Mean clustering present specific number of disjoint and 

non-hierarchical clusters. Cluster configuration along with 

their centroid is gained and node nearest to centroid is 

choosing as cluster head. Best possible number clusters are 

obtained by this hybrid technique [16].   

IV. CONCLUSION 

Wireless sensor networks have wide region of applications. 

Clustering is a beat technique to minimize the energy 

consumption and to present stability in wireless sensor 

network suffers from hot spot problem. This paper classified 

various clustering techniques according to stability and 

energy efficiency of wireless sensor network. It has two 

main categories as distributed and hybrid clustering 

algorithms. These methods are explained with their 

characteristics, mechanism, merits and demerits. All the 

above reviewed algorithms are processed based on cluster 

properties, cluster head properties and clustering procedure. 
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