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Abstract— A Wireless Sensor Network (WSN) is a 

combination of several sensor nodes that work together to 

monitor an area. Every node in WSN collect data from the 

area in which it is deployed and after collecting sends them 

to the base station. For removing the issues in WSN a protocol 

is mostly used named LEACH. It is a cluster-based protocol 

which aims at reducing energy dissipation in the network. 

This paper presents a survey on clustering techniques and 

algorithms discussed in the literatures of wireless sensor 

networks. In this paper we make a review over several 

protocols like LEACH, SEP, LEACH-C. 
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I. WIRELESS SENSOR NETWORKS 

Wireless sensor networks (WSNs) are collection of sensor 

nodes that co-operate together to monitor an environment or 

a system. From last few year WSNs are working in the field 

of medicine, battle fields, identification of contaminated 

environments, environmental monitoring, analysis of 

structural conditions of buildings, roads and highways etc. 

Sensor nodes sense, and gather information from the 

environment or system and transmit the data to Base Station. 

The nodes consist of the sensor module which senses the data, 

the processor and memory which perform local computation 

on the sensed data and store data, the transceiver responsible 

for exchange information with neighbor nodes and a power 

supply unit for node’s energy. Mostly cluster-based 

clustering technique is used in WSN for better results. Cluster 

based architecture organizes the sensor nodes into clusters 

each cluster have a cluster head (CH) and cluster members 

(CM). The CMs in each cluster are involved in message 

exchange with their respective CH and BS will gathered data 

from CHs. 

II. CLUSTERING 

Clustering technique is one of the effective approaches used 

to save energy in WSN. Clustering means organizing sensor 

nodes into different groups called clusters. Grouping nodes 

into clusters has become an interesting issue for the research 

community in order to achieve network scalability. In each 

cluster, sensor nodes are given different roles to play, such as 

cluster head, ordinary member node. A cluster head (CH) is a 

group leader in each cluster that collects sensed data from 

member nodes, aggregate, and transmits the aggregated data 

to the next CH or to the BS. The role of ordinary member 

node is to sense data from the environment they deployed & 

send them to cluster-head. 

A. Clustering Attributes 

 Stability:  When the cluster count varies and the node’s 

membership evolves, overtime, the clustering scheme is 

said to be adaptive. Otherwise, it is considered fixed if 

sensors do not switch among clusters and the number of 

clusters keep steady throughout the network lifespan. 

 Inter-cluster head connectivity:  When the cluster head 

doesn’t have long haul communication capabilities, 

cluster head connectivity to the base station has to be 

provisioned. Another approach is to assume that cluster 

head would be able to directly reach the base station. 

 Intra-Cluster Topology:  Some clustering schemes are 

based on direct communication between sensor and its 

designated cluster head. Nevertheless, sometimes is 

required multi-hop connectivity between sensor and 

cluster head, especially when sensor’s communication 

range is limited or the cluster head count is bounded. 

III. LEACH PROTOCOL 

Low-Energy Adaptive Clustering Hierarchy (LEACH), 

proposed by Heinzelman is one of the pioneering clustering 

routing approaches for WSNs.The main aim of LEACH is to 

select sensor nodes as CHs by rotation in each round, so the 

high energy dissipation in communicating with the BS is 

spread to all sensor nodes in the network. Cluster Head (CH) 

is responsible for creating and manipulating a TDMA (Time 

division multiple access) schedule and sending aggregated 

data from nodes to the BS.The operation of LEACH is 

divided into rounds and each round is split into two phases: 

SET-UP Phase and STEADY Phase. 

A. Set-Up Phase 

First step is cluster head selection. At the first of each round, 

each node selects a random number between 0s and 1s and 

compares it to the threshold shown in formula. If the selected 

random number is less than the threshold, the node would be 

selected as a cluster head for the current round. The threshold 

T(n) is calculated as: 

 
Fig. 1: Formula to Calculate Threshold (Tn) Value 

Here P is the desired percentage of nodes which are 

cluster head, r is denoted as current round, and G is the set of 

nodes that has not been selected as cluster-heads in the past 

1/P rounds. This states that all sensor nodes eventually spend 

equal energy. After selection of cluster head, it advertises his 

selection to all remaining nodes. All nodes choose their 

nearest cluster head when they receive advertisement 

message based on the received signal strength. Then TDMA 

schedule is assigned by the CH for their cluster members or 

nodes. 

B. Steady Phase 

The steady state phase is the data transmission phase. During 

this phase, nodes in each cluster send their data based on the 

allocated transmission time to their local cluster heads. To 
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reduce the energy dissipation, the receiver of all non-cluster 

head nodes would be turned off until the nodes’ defined 

allocated time. 

IV. LITERATURE SURVEY 

J. M. Kim et. el. [1] introduced the cluster head election 

mechanism using fuzzy logic (CHEF).This algorithm was 

introduced to maximize the lifetime of the sensor networks. 

It uses the fuzzy if-then rule for cluster-head election 

mechanism. CHEF is similar to many other algorithm which 

uses fuzzy logic but the major difference is that in CHEF the 

base station does not need to collect information from all 

nodes because of localized cluster-head election mechanism. 

The localized cluster-head election mechanism removes the 

need of collecting the information from the base station.  

J. Yang et. el. [2] proposed an energy efficient data 

gathering protocol named EEDGP. Spatial & temporal 

correlation of sampling data give benefits to it. EEDGP 

involves a clustering method for balancing energy 

consumption, a data prediction transmission strategy and an 

energy aware multihop routing algorithm. The proposed 

algorithm is an enhanced version over LEACH and EECS 

algorithms. To minimize the hot-spot problem among cluster-

heads a greedy geographic and energy aware multihop 

routing algorithm is presented. 

Brahim Elbhiri ET. el. [3] developed a clustering 

technique named Developed Distributed Energy-Efficient 

Clustering technique (DDEEC) which works especially on 

heterogeneous wireless sensor networks. This technique 

focuses on changing cluster-head election probability 

dynamically and with more high efficiency. DDEEC is an 

energy aware adaptive approach which employ the average 

energy of the network as the reference energy like in DEEC. 

Simulation has shown that DDEEC performs better than 

DEEC by about 15% in terms of network lifetime and first 

node dies. 

A. Pires et. el. [4] proposed a new protocol named 

CHEATS (cluster-head election algorithm using a Takagi-

Sugeno fuzzy system) protocol. The main goal of CHEATS 

protocol is to increase energy efficiency in terms of network 

lifetime using fuzzy logic via a Takagi-Sugeno system. In 

CHEATS every node format its probability to become next 

cluster-head based on energy remaining and its distance from 

base station, by using Takagi – Sugeno fuzzy system. 

Simulation results have shown that this protocol is saving 

energy about 10%. 

B. A. Sabarish ET. el. [5] presented a new 

hierarchical energy efficient routing protocol. Its aim is to 

investigate the cluster head election and congestion 

management problem. This new protocol concentrates on 

applications where energy of whole network is the main 

requirement, and proposed a new approach to use efficiently 

the network energy. This routing protocol divided the whole 

network into several clusters, then by using Dijkstra 

algorithm forms a routing tree for each cluster. Proposed 

protocol manages congestion, by using routing tree, node’s 

neighbors  average queue length. 

A.Thonklin ET. el. [6] composed an algorithm of 

cluster-head election for wireless sensor networks, named as 

Grid sectoring which is focused on distribution of load 

balancing   and energy dissipation over both uniform and non-

uniform deployment of sensor nodes in a particular network. 

To remove the issues of LEACH, ACHs, EACHs a grid 

sectoring protocol is proposed that can be used on the 

squared-grid area only. The simulation results has shown that 

this version is suitable for uniform and non-uniform 

topologies, load balancing and for energy efficient concept in 

large-scale networks. 

A. Ray ET. el. [7] presented an enhanced version of 

LEACH protocol. The main goal is to decrease energy 

dissipation within the wireless sensor network and increase 

the lifetime of the entire network. Energy-LEACH protocol 

improves the cluster-head selection process. It makes residual 

energy of node as the main metric which decides whether the 

nodes turn into cluster-head or not after the completion of 

first round. The improved version has shown that it is 

performing 41.7% w.e.f FND (first node dies), 31.6% w.e.f 

HND (half node dies) and 25.5% w.e.f LND (last node dies) 

better than LEACH.  

Shuo Shi ET. el. [8] presented an energy efficiency 

optimized LEACH-C algorithm. LEACH-C is a clustering 

based algorithm in which cluster-heads are selected randomly 

from the nodes of a cluster and the simulated annealing 

algorithm is used to find the appropriate solution with better 

position to reduce the energy dissipation of cluster-heads.in 

optimized LEACH-C algorithm firstly, a group of cluster-

heads is selected using the technique of LEACH-C after 

which retransmission and acknowledgment are considered to 

design a model of cluster head energy usage. 

L. Gao et. el. [9] proposed a dynamic cluster 

LEACH (DCL) which is an enhancement over classic 

LEACH protocol. In this protocol we study the selection 

method of cluster-head in terms of node energy and the 

distance between nodes and base station in order to balance 

the energy consumption of sensor nodes and increasing the 

lifetime of that network. Simulation results has shown that the 

30% dead node appearing at 1000 rounds with DCL which is 

much better than LEACH in which the dead node appears at 

500 rounds. 

S. El-Refaay ET. el. [10] discussed a cluster-head 

selection algorithm for wireless sensor network (WSN). We 

have so many approaches to make a well behaving network. 

Amongst them is the hierarchical structure, in which the 

whole network is disjoin into clusters, all the nodes in a 

cluster appoints a node as cluster-head (CH) via which they 

communicates with base station. Cluster-head election is one 

the most important process in wireless sensor networks. In its 

future work researchers plan to develop a more improved 

clustering technique that improves the cluster-head election 

approach to take both security and throughput into 

consideration. 

T. Sivasankar ET. el. [11] presented a cluster-head 

based election method. The main target of this proposed 

system is to improve the energy efficient lifetime of the 

sensor nodes in a wireless sensor network. The methodology 

followed in this system is: form the cluster head election of 

each sensor nodes, identify the high and medium residual 

energy of the sensor nodes, identify HIT-SET nodes for every 

cluster, identify the subsets covering and at last intersection 

operations are performed on each set. 

A. Jain ET. el. [12] in order to project the problems 

in cluster-head selection an energy efficient clustering 

method is presented which proposed to select sink as cluster-

head. This method has been named as energy efficient 
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clustering with sink as cluster-head EEC-SCH. The main 

focus of EEC-SCH is to develop a clustering method which 

can effectively minimize energy holes creation near to sink, 

as well as energy efficient and with very small setup phase. 

The simulation results has shown that proposed method 

improves the network lifetime and resulted into more 

balanced and uniform energy consumption. 

R. K. Kodali et. el. [13] presented an energy efficient 

multi-level low-energy adaptive clustering hierarchy 

protocol. They have discussed two routing approaches which 

are multi-hop and inverted tree models. Instead of these two 

techniques they have also discussed and compared the 

flooding and directed diffusion methods in flat topology and 

1L-LEACH. After simulation the result has shown that 

inverted tree is the better routing technique as compared to 

multi-hop technique in terms of energy consumption. 

C. T. Sony ET. el. [14] proposed two protocols first 

one is Modified LEACH protocol which is for small area 

networks and second one is Modified multi-hop LEACH 

protocol which is for large area networks. In this paper three 

modifications are done on LEACH to make it more energy 

efficient. The first modification involves cluster-head 

election process with some additional parameter. The second 

modification is of allocation of idle TDMA of a node to 

another node if that particular node has no data to send and 

the final modification is multi-hop technique. Simulation 

results has shown that modified LEACH protocol have 25% 

improved network lifetime than existing LEACH protocol. 

M. Y. Tsai ET. el. [15] proposed a Virtual cluster-

head election scheme which provides an energy efficient 

clustering algorithm and considers cluster head distribution. 

To remove the problems in LEACH and LEACH-C a virtual 

cluster head election clustering (VCHEC) scheme with higher 

energy efficiency, better load distribution and higher 

flexibility is proposed. It neither needs GPS nor requires the 

whole view of WSN.VCHEC consists of five phases (the 

virtual-Id decision, the cluster-head election, the cluster 

setup, the schedule creation and the data transmission phase). 

P. Nayak ET. el. [16] proposed an energy efficient 

clustering algorithm for wireless sensor networks using fuzzy 

logic concept which is an improvement on LEACH protocol. 

In this new protocol a SUPER CLUSTER HEAD (SCH) is 

elected on cluster-head (CH) which is the only one that is 

allowed to send information to mobile base station by 

selecting suitable fuzzy descriptor such as remaining battery 

power, mobility of base station etc. A new rule named 

mamdani’s rule which is categorized under fuzzy inference 

engine is used to elect the chance to be the Super cluster-head. 

U. K. Paul ET. el. [17] developed an energy efficient 

routing algorithm for wireless sensor networks to decrease 

energy consumption and to increase whole network 

performance. In this approach the network area is divided into 

grid shaped, logical clusters area, results in less 

communication distance between inner cluster-heads, nodes 

to cluster-head and cluster-head to base station. Performance 

of new algorithm has shown better results as compared to 

exiting algorithm like LEACH, SEP (stable election protocol) 

and divide-and-rule (DR). 

Kushal B Y ET. el. [18] presented an algorithm 

which is an improvement over LEACH algorithm. The main 

goal of this improved LEACH algorithm is to round off the 

energy consumption issue of sensor nodes by making some 

changes in cluster-head selection process of classical LEACH 

algorithm. Simulation results has shown an increment in the 

overall network lifetime and enhance network performance. 

Paola G. V. Naranjo ET. el. [19] developed a new 

stable election protocol named N-SEP which focused on 

extending the stable period of fog-supported sensor networks 

by maintaining balanced energy consumption. N-SEP assists 

to control the default randomness of the cluster-head 

selection in each round, exploits heterogeneous energy 

threshold for avoiding low energy nodes to select as cluster-

head in next round. N-SEP performed 50% better than 

LEACH and 25% better than SEP algorithm. 

V. CONCLUSION 

In this paper, we tried to synopsize energy enhancement and 

efficient routing techniques in wireless sensor network. 

Demand of wireless sensor network is going high day-by-day 

which accelerate the experimentation and analysis of routing 

protocols. Minimize energy of the sensor network using 

routing protocol is a big issue of WSN and has also become 

an interesting topic for researchers. As we have deal with 

LEACH, DEEC (Distributed Energy Efficient Clustering) 

and SEP in this paper which will minimizes the latency and 

the energy as per their own architecture. 
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