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Abstract - Increasing the life time of sensor nodes in the wireless sensor network is the fundamental aim of most of the 

recent researches in this area. Different routing protocols have been evolved in the last decade aiming at this task and various 

suggestions have been discussed in literatures. Selection of the Cluster Head is one of the key processes which determines 

the lifetime of the node. In this paper, different methods of Cluster Head selection have been discussed focusing on few 

parameters which affect the performance of the sensor network. 
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I. INTRODUCTION 

 

Wireless sensor network (WSN) is an important area 

of research in this era of internet of things (IoT). 

WSN is a self-configured embedded system which 

can monitor physical or environmental conditions like 

sound, humidity, pressure, temperature, motion 

etc.[1]. Most of the present day problems can be 

addressed through WSN including pollution 

monitoring, forest fire detection, flood monitoring, 

land sliding, etc.[2]. Small sensors namely Sensor 

Nodes (SN) are  used to sense the predetermined 

parameter and   wirelessly send those data to the base 

station. The base station will communicate with the 

outer world through internet. This is the basic 

working principle of almost all the wireless sensor 

networks. The number of SNs will increase the data 

congestion and makes data communication 

complexity. Routing mechanism is implemented to 

overcome this problem. Different routing protocols 

like LEACH, PEGASIS, TEEN are few protocols 

which uses different methods for increasing the 

efficiency of the system. 

 

A typical sensor node (SN) consists of sensors, ADC, 

transceiver unit, processing unit, antenna, and power 

unit. Sensors are transducers which can sense the 

presence of a predetermined or expected parameter 

and send required signal to the ADC. The parameter 

can be pressure, temperature, humidity, motion, light, 

sound etc.. The Analog to Digital Converter (ADC) 

will transform the analog signal generated from these 

transducers to digital format. This digital signal is 

send to the microprocessor for further processes. The 

processed signal is then kept in a buffer register 

before sending to the next node. A transceiver unit is 

used for the transmitting and receiving the data and 

this data is fed to the antenna for high frequency 

transmission. The communication system can be of 

any protocols like bluetooth, zigbee or Wi-Fi. The 

major portion of the energy consumption in WSN is 

consumed here. [3]   The entire system is managed by 

software running in the processor. Sensor nodes are 

designed in such a way that, they are active only 

during data transmission and acquisition [4].The 

architecture of a wireless sensor node is as shown in 

Figure. 1 

 

 
Figure 1 Architecture of a WSN 

 

The Location finding system, mobilizer or actuators 

are devices which can be kept inside a sensor node 

depending upon the applications. Location finding 

systems are used in applications like fire detection, 

animal tracking etc. The actuators are used for mobile 

nodes, Here, the nodes can be a robot which can 

move from one place to another. 

 

The efficiency of a WSN mainly depends upon the 

life time of the sensor node. Since the SNs use 

batteries for power, and once it is fully discharged, 

there is no additional source of energy; conservation 

of battery power is the most effective way to increase 

the lifetime of the battery. In order to achieve this, 

minimum utilization of energy should be ensured in 

each process inside the sensor node [5]. Among these, 

energy for data transmission consumes the major part, 

and this is to reduce in order to decrease the energy 

consumption. Efficient and effective routing protocol 

is one way to accomplish this. 
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The distance between nodes and the sink is one 

parameter that effects the energy consumption within 

the network. The number of sink can be increased to 

reduce this distance and thus to reduce the energy 

utilization. Such multiple sink can kept at different 

locations in the network field and receive data 

simultaneously. Use of mobile sink (MS) instead of 

static sink is another way to reduce the energy 

consumption [6]. The mobile sink will move within 

the network field in a predetermined or random 

manner. Since the position of sink is varying, the CH 

closer to the current location of the sink will 

communicate with the sink and those CH far from the 

sink will not communicate and wait for the MS to 

reach near to it. 

 

II. CLUSTERING AND CLUSTER HEAD 

SELECTON 

 

Partitioning the sensor filed area into different 

clusters is one way to reduce the data congestion in 

the network [7]. One node among the SNs will be 

selected as Cluster Head (CH). This node is 

responsible for receiving data from other nodes of the 

cluster and sending that to the sink or base station 

(BS) as shown in Figure 2. Selection of cluster head 

is a crucial procedure in wireless sensor network. The 

energy of the cluster head will reduce faster compare 

to other nodes since it handle much data and 

continuously communicate with in the network. The 

role of the CH will vary from time to time in a shift 

manner thus to avoid the sudden death of CH. 

 

 
Figure. 2. Cluster based Wireless Sensor Network 

 

Clustering refers to grouping of sensor nodes based 

upon a predefined rules focusing upon transmission 

and reception of data in an energy efficient manner. 

Clustering involves (i) Formation phase, (ii) 

Construction phase (Selecting the Cluster Head), and 

(iii) Phase of maintenance. Clustering in a network 

helps load balancing since the work is divided among 

other clusters. Depending upon the application, 

clustering can be of different types. Also the number 

of clusters should be optimized to appropriately cover 

the entire area. 

While selecting the cluster head, different parameters 

of the SN are verified. The residual energy of the SN 

is the primary parameter. Different methods are 

implemented to identify the best CH among the group 

of SNs. In the following section, few of such 

sophisticated methods are discussed and compared. 

 

III. DIFFERENT METHODS FOR CLUSTER 

HEAD SELECTION 

 
There are different methods introduced by the 

researchers for the selection of cluster head in 

wireless sensor networks. A two phase dynamic 

cluster head selection method namely DCHSM using 

Voronoi diagram is introduced in [8].  The algorithm 

increases the energy saving and it is well suited for 

IoT applications. The partition of the monitoring area 

is accomplished by Voronoi diagram which will 

result in dividing cluster area into polygonal shape. 

The perceived probability method is implemented in 

the first phase of cluster head selection. Later, in the 

second phase, is the election process is through 

survival time estimation. The experimental results 

through Matlab shows that, the residual energy of the 

sensor nodes has increased to 5.7% compared to 

LEACH and increased 5.58% related to  D-LEACH. 

The problems due to the premature death of SNs in 

the network is overcome through a Particle Swarm 

Optimization (PSO) based data acquisition system in 

[9].  PSO is used to find an optimum solution 

grounded on information exchange between different 

particles that creates a swarm. Here, the whole 

network area is divided into many clusters. The CH is 

selected based on SN’s energy level. The probability 

of becoming a CH is higher for SN with higher 

energy. In the beginning, the PSO based mechanism 

identifies the CH coordinates, and the remoteness 

between all CHs are calculated. The trajectory of the 

mobile sink is determined by the PSO system, and 

based on this path the MS is moved to each location 

to collect the data. The results show that the network 

life time is marginally increased through this method. 

The locations of the sojourn points and hence the 

trajectory of the mobile sink can be identified through 

a Variable Length Genetic Algorithm(VLGA) as 

depicted in [10]. The mobile sink is implemented for 

collecting data from the sensor nodes by reaching its 

nearest sojourn point (SP). The communication range 

of the sensor nodes and the remoteness between SN 

and the sojourn point are considered for assigning the 

nodes to a particular sojourn point. In the beginning 

the location of the sojourn points are arbitrary in 

nature. In the proposed VLG algorithm, the 

chromosome is denoted by a series IDs of the SP. The 

number of sojourn point represents the length of the 

chromosome. In this paper, the proposed algorithm is 

compared with traditional Traveling Salesman 

Problem (TSP) and exhibits a better performance in 

terms of data acquisition time and path length. 
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The residual energy of the SN, the distance from the 

center of the cluster to the SN, the remoteness of the 

node from the sink are three parameters considered in 

[11] for selecting the CH from a group of nodes. The 

three phase method consists of the clustering phase, 

the CH selection phase and a final CH selection 

phase. A Generalized Hesitant Fuzzy Weighted 

Geometric (GHFWG) operator is used to aggregate 

the hesitant values for determining the parameters of 

the SN. A score function is used to calculate the score 

of each parameter of the node. And the SN with 

maximum value will be elected as the CH. The 

Matlab experimental setup shows the performance of 

the system in terms of network lifetime with varying 

values of energy, area and number of nodes. 

MTCHR is a modified LEACH protocol proposed in 

[12] in which a new parameter called VRC is 

introduced to each SN. This Virtual Round Count 

(VRC) denotes the true value of the re-clustering 

operation handled by each node and this value 

increase with time. Thus the threshold probability of 

LEACH is altered with this new parameter to provide 

better network life time. The experimental set up 

compares the proposed system with LEACH and 

TLEACH to show the better performance of the 

system. 

The efficiency of the WSN is further improved in 

[13] through implementation of Bee Colony Inspired 

Clustering Protocol. The distance between sink and 

the node, the remaining energy of the SN, and the 

quality of link are considered for selecting the node 

as a cluster head. The sensors themselves calculate 

their remoteness form the sink in the initialization and 

set-up process. The entire sensor area is partitioned 

into different clusters and a SN within this region is 

selected as the CH using Bee colony algorithm. From 

the collected samples of nectar by the bee, the best 

nectar is selected after continuous iteration through 

testing. The same logic so called bee colony 

algorithm is used to select the best cluster head by 

verifying its fitness value. The proposed algorithm is 

compared with LEACH, PSO (Particle Swarm 

Optimization), and HSA(Harmony Search Algorithm) 

to show the efficiency of the network  through 

increased lifetime. 

The use Fuzzy Inference System (FIS) for the 

selection of the CH is depicted in [14] in which 

mobile sink are used for receiving data from the 

cluster heads. The local distance of the SN which is 

the sum of distance between SN and other nodes, and 

the residual energy of the SN are the two parameters 

considered for the fuzzy inference variables for 

selection of the CH. The path of the sink is kept 

circular in nature. Experiments with different radius 

of mobile sink trajectory have been done to compare 

with LEACH and CHEF. The inputs of the fuzzy 

system are distance and energy while the output is 

chance. Thus the fuzzy if-then rule yields nine 

combinations. The experimental result shows that the 

proposed system gives more lifetime to the nodes and 

thus to the network. 

A Harmony Search Algorithm (HSA) has been 

implemented in [15] for selecting the cluster head in 

the sensor network. The objective function is derived 

through average energy, average intra-cluster distance 

and the cluster size. The cluster size is the parameter 

which affects the delay in collecting the data. The 

path of the sink has been kept mobile in nature and 

the proposed algorithm is compared with LEACH 

and HS. The Matlab experiment shows that the 

proposed system yields better lifetime to the nodes 

compared to other systems under consideration.  

Almost all the above methods for CH selection are 

focusing on reduction of energy consumption within 

the nodes which will in turn increase the network life 

time. 

 

IV. CONCLUSION 

 

The different methods used for the cluster head 

selection discussed above have provided with 

different results and most of them are focused on 

increasing the life time of the sensor nodes. A sneak 

view on those methods is tabulated in Table 1. 

 

No Protocol 
Parameters considered  

for CH selection 
Sink Mobility Result 

1 

Two Phase Dynamic 

Cluster Head Selection 

Method 

Distance, Residual energy Fixed 
Improved network 

lifetime 

2 
Particle Swarm 

Optimization 
Energy level, distance Mobile sink 

Improved network 

lifetime 

3 
Variable Length Genetic 

Algorithm 

communication range of 

SN, distance 
Mobile sink 

Improved data 

acquisition time and 

path length 

4 Hesitant Fuzzy 

Residual energy, distance 

to Cluster center, Distance 

to BS 

Fixed 
Improved network 

lifetime 
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5 
Modified Threshold based 

Cluster Head Replacement 

Residual energy, CH 

selected till round 
Fixed 

Improved network 

lifetime 

6 
Bee Colony Inspired 

Clustering Protocol. 

Distance, Residual energy, 

Quality of link 
Fixed Increased lifetime 

7 Fuzzy Inference System Distance, Residual energy Mobile Increased lifetime 

8 
Harmony Search 

Algorithm 

Average energy, Average 

intra-cluster distance 
Mobile 

Improved network 

lifetime 

Table 1. Comparison of Different Cluster Head Protocols 

 

Since the applications of wireless sensor network are 

penetrated into a vast field, there is no general 

protocol that can be used worldwide. We need to 

choose appropriate protocol matching with the 

application scenario. This paper has discussed various 

algorithms for selecting the cluster head in a sensor 

network. Almost all the protocols are aiming at 

increasing the network life time by reducing the 

energy consumption. 
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