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Abstract- Various fields like wildlife monitoring, mining 

industries and security surveillance are emerging in wireless 

sensor network (WSN).For the real time monitoring more 

interest is growing in WSN. WSN consist of small devices 

called sensor node. The sensor nodes network efficiency 

depends on the use of routing protocol. Routing protocols 

providing an optimal data transmission path for saving 

energy of nodes in the network from sensor node to sink. 

Different routing mechanisms are used for energy 

optimization problem in sensor nodes. Clustering mechanism 

is one of the popular WSNs routing mechanisms. It can 

increase scalability, lifetime and less energy consumption of 

network. In this paper we proposed an energy efficient multi- 

tier clustering approach for wireless sensor networks. 

Wireless sensor nodes are extremely energy constrained with 

a limited transmission range. Due to large area of 

deployment, the network needs to have a multi-tier clustering 

approach that will enable far-off nodes to communicate with 

the base station. This approach will conserve the energy of 

sensor node in order to increase the network lifetime. 

 

Keywords- Wireless sensor network, routing protocol, energy 

conserve, network lifetime, energy efficiency  

 

I. INTRODUCTION 

Wireless Sensor network (WSN) is a large network 

which is consist of huge number of sensor nodes and these 

nodes are directly interacting with their environment by 

sensing the physical  parameters such as temperature, 

humidity, etc. [1]. All the sensor nodes send or receive data 

to/from a fixed wired station called base station (BS). The 

base station usually serves as a gateway to some other 

network. WSNs have a comprehensive range of 

applications in this field including environmental 

applications, military applications, home security, etc.  A 

Sensor Node (SN) is composed of processor, sensor, 

transceiver, and power units. The main challenge is related 

to the limited energy supply of the sensor nodes. Hence, 

the available energy at the nodes should consider as a major 

constraint while designing the routing protocols. Different 

routing techniques have been proposed to address these 

issues. Hierarchical-based routing protocols also known as 

cluster based routing protocols enforces a structure on the 

network to use the energy efficiency, extend the lifetime 

and scalability. In cluster routing, sensors are divided into 

groups called clusters, with each cluster electing one node 

as the head of the cluster, so that sensors communicate 

information only to cluster heads and then the cluster heads 

communicate the aggregated information to the Base 

Station. Clustering is an efficient way to reduce energy 

consumption and extend the life time of the network, doing 

data aggregation and fusion in order to reduce the number 

of transmitted messages to the BS [2]. In a uniform 

deployment of nodes existing protocols perform well but in 

non-uniform deployment sensor nodes are unable to give 

efficient and robust routing [3].  

In a WSN, multi-tier relates to the way the network 

elements are organized: into hierarchical levels according 

to their functionalities and capabilities. Figure 1 shows the 

hierarchy of multitier structure. By using a multi-tier 

architecture in the clustering of sensor nodes provides an 

increase in the network lifetime of the WSN is gained [6]. 

Since this clustering approach will give better results in 

term of energy savings and organizing the network. Multi-

tier architecture, clustering approaches, and network 

models are used to save the energy of a sensor network. In 

this paper multitier clustering nodes in the form of clusters 

are configure in multiple levels. 

  

 

Figure 1. Multi-tier structure 
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II. RELATED WORK 

W.R. Heinzelman, A.P Chandrakasan and H. 

Balakrishnan [10] projected LEACH protocol in 2000. 

LEACH is called as Low Energy Adaptive Clustering 

Hierarchy protocol. In the sensor networks it is one of the 

mostly used hierarchical routing algorithms. The key 

concept of LEACH protocol is to divide the whole wireless 

sensor network into number of clusters. The cluster head 

node selection is randomly done. There are equal chances 

of every node to be selected as cluster head. Every nodes 

energy consumption is same as the whole network 

averaged consumption. Thus LEACH will extend the 

network life cycle in WSNs. 

O. Younis and S. Fahmy projected [11] Hybrid Energy 

Efficient Distributed clustering Protocol (HEED) protocol 

in 2004. It extends the existing LEACH protocol. It have 

residual energy as primary factor and network topology 

features such as node degree, distances to neighbours are 

only used as secondary factor these feature. To fragment 

the tie between the clusters cluster heads so as to balance 

the power consumption. The clustering process is divided 

into a number of repetitions, and in every repeat round of 

nodes that are not covered by any cluster head multiplies 

their chances of becoming a cluster head. So that the 

existing energy-efficient clustering protocols facilitate 

each node too probabilistically and independently decide 

its role in the clustered network. 

S. Lindsey and C. Raghavendra [9] introduced Power 

Efficient Gathering in Sensor Information Systems 

(PEGASIS) protocol in 2002. It is an improved version of 

LEACH. Except than forming clusters, it is based on 

forming chains of sensor nodes. Mainly one node is 

responsible for routing the aggregated information to the 

sink. Every node in PEGASIS aggregates the collected 

information with its information, and then passes the 

collected data to the next ring. The difference between 

existing LEACH is to provide or use multi hop 

transmission and selection of only one node to transmit 

information towards the sink or base station. Dynamic 

cluster formation causes the overhead that is eliminated. 

Transmission of data and information aggregated uses 

multi hop transmission. PEGASIS overtakes the LEACH. 

In 2005, M. Ye, C. Li, G. Chen and J. Wu [13] 

introduced Energy Efficient Clustering Scheme (EECS) 

protocol. In wireless sensor networks it is a novel 

clustering scheme for periodical data collecting 

applications. It cluster heads selection is based on the more 

remaining energy through local radio communication of 

sensor node. In the cluster head election phase, a stable 

number of candidate nodes are elected and compete for 

cluster heads according to the node residual energy. The 

competition method is localized without iteration. The 

process also produces a near uniform distribution of cluster 

heads. 

 

III.  SYSTEM MODEL  

A. Network Model 

Consider a homogenous wireless sensor network that 

comprises a stationary n number of sensor nodes dispersed 

in M x M m2 region. The following characteristics of sensor 

node: 

 Sensor nodes are stationary after deployment 

 All nodes have same processing capabilities and 

communication range 

 Each node has limited transmission range for 

communication coverage 

Network Lifetime: This is the time interval from the start of 
operation of the sensor network until the death of the last 
alive node. 
 

B. Energy model 

 

Figure 2. Radio Energy Model 

A sensor node usually has a sensor unit, a data 

processing unit and data transceiver modules. In the paper, 

the energy model considered only the energy consumption 

during the data receiving and transmission. The radio 

energy model is described in figure 2. ETx (l,r) stands for 

the energy cost that a single node sending L bits data of r 

distance ,and ERx(l) represents the energy consumption 

that a single node receiving L length data. In order to 

evaluate the approach, we chose the “first order radio 

model”, thus it is given by: 

E TX (L,D)    =  L. Eelect + L. Ԑfs . d2        if d ≤ do 

                     = L. Eelect + L. Ԑmp . d4      if d > do     …(1) 

Where, Eelect is the energy dissipated per bit to run the 

transmitter circuit, d 2 fs ε or d 4 mp ε is the energy 

consumed depending upon the distance to the receiver. If 

the distance between transmitter and receiver is less than a 

chosen threshold distance 0 d the free space channel model 

( d 2 power loss) is used; otherwise multipath fading 

channel model ( d 4 power loss) is used [7]. Energy 

consumption is calculated as below: 

 
Let Ea = Avg Energy Consumption  

      Ei = the initial energy level of a node,  

      Ef = the final energy level of a node and 

      N = number of nodes  
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IV. PROBLEM FORMULATION 

Wireless sensor nodes which are battery operated are 

used for detecting and collecting information from the 

areas where there is very little scope for manual handling 

to recharge or change batteries. These sensing nodes 

collect the information and pass them on to the network 

towards the sink for further actions. For a better 

functioning and a longer lifetime for a sensing node within 

the network, we need to consider its energy consumption 

as a major factor of concern.    

Nodes can detect and collects information regarding any 

object that is moving or any event that’s triggered. The 

network carrying this information uses an ordinary 

protocol stack which carries out the general process of 

transmission without any concerns for energy efficiency 

factor. Our purpose is to find a methodology that will be 

energy efficient in order to increase lifetime of network. 

 

V. PROPOSED METHOD 

Wireless sensor nodes which are battery operated are 

used for detecting and collecting information from the 

areas where there is very little scope for manual handling 

to recharge or change batteries. These sensing nodes 

collect the information and pass them on to the network 

towards the sink for further actions. For a better 

functioning and a longer lifetime for a sensing node within 

the network, we need to consider its energy consumption 

as a major factor of concern.    

Nodes can detect and collects information regarding any 

object that is moving or any event that’s triggered. The 

network carrying this information uses an ordinary 

protocol stack which carries out the general process of 

transmission without any concerns for energy efficiency 

factor. This approach will be energy efficient in order to 

increase lifetime of network. 

The following are the assumptions in wireless sensor 

networks which are used as a frame of reference for 

methodology:   

◦ Nodes are static  

◦ All nodes are fairly distributed for one tier and tier 

two 

◦ Initial energy for all nodes are same 

◦ The base station of this network is located at the 

center of the field 

The proposed solution have described in steps as follows: 

Step 1: Sensor nodes are distributed in two tier network. 

Figure 3 shows the node placement in the given network of 

application. 

For one tier the area of circle is as follows 

◦ Area of level one (LO) = r²     ...(2) 

For second tier and onwards the area of circle is calculated 

as follows 

◦ Area of two level (LTW) = (2r)2-LO    ...(3) 

      = 4r2-r2 

 

 

Figure 3. Node distribution for 3-tier network 

         = 3r2 

◦ Area of level three(LTHR) = (3r)2 – LTW  ….(4) 

        = 9r2 – 3rr 

        = 6rr  

Where, 

 r radius of circle is calculated the distance from the base 

station to the circle of that tier. 

Like the above formulas for onwards tier the area is 

calculated. 

Optimal location for base station placement is at centroid 

of the sensor network.  

 

Step 2: Cluster formation uses formula of kopt [5] to find 

the optimal number of cluster head for each tier 

kopt  =  
√𝑁𝑠

√2𝛱   
 √

Ԑfs

Ԑmp  
 

𝑀

 d2toBS   
                  ..(5) 

Where, 

kopt : optimal number of cluster, 

Ns : Number of nodes distributed in M x M, 

Ԑfs . d2 : amplifier energy, 

Ԑmp . d4 : amplifier energy (for multi path transmission) 

d2
toBS: average distance between nodes and base station 

 

Step 3: Nodes nearest to the cluster head can form there 

cluster. For tier 1 cluster head is known as primary cluster 

head (PCH) and for tier 2 and onwards cluster head known 

as secondary cluster head (SCH). The PCH and SCH will 

get join by minimum Euclidian distance. All the node 

within the cluster compete there residual energy is greater 

than threshold energy. The operation is done hierarchical 

manner. It always calculates the distance between the 

cluster head and base station. The node elected as cluster 

head of secondary tier is nearer to the PCH All nodes have 

their own cluster so they can communicate with base 

station by using their own cluster head. PCH gather data of 

their cluster aggregate and directly send to base station. 
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This is a regular transmission. SCH gather data, aggregate 

it and send to PCH. After receiving data from SCH, PCH 

immediately send data to base station. In data transmitting 

phase in order to send the data towards the base station, low 

level of primary cluster head send their data to high level 

of cluster head. This process keep continuing until data is 

received by the base station. 

 

VI. PERFORMANCE BEHAVIOR 

In order to evaluate the performance of our methodology 

we assume 180 x 180 m2 area. The base station is located 

in center of the network (90, 90). For the node distribution 

in tier two has multiple of three  the quantity of nodes of 

tier one, which there are 10 sensor node distributed in tier 

one then 30 sensor nodes at tier two and 60 nodes are 

distributed in tier three like this onwards tier will have. The 

characteristics of simulation parameter are summarized in 

TABLE 1. 

TABLE 1: SIMULATION PARAMETER 

Parameter Value 

Network size 180 x 180 meters 

Minimum initial energy E=0.5 Joule 

Popt 0.1 

Packet size 4000 bits 

Transmit/Receive Electronics Eek = 50 nJ/bit 

Data Accumulation EDA = 5 nJ/bit/report 

Transmitter Amplification 

(d<=do) 

Efs  = 10 pJ/bit/m2 

Transmitter Amplification 
d>do 

Emp = 0.0013 pJ/bit/m4 

 

For the analysis of the network we measures the number 

of alive nodes for network lifetime. Energy consumption 

of sensor node is calculated on average energy 

consumption of the nodes. 

VII. CONCLUSION 

Cluster strategy is one of them which are most suitable 

for all the types of network. It is used for scalability, 

reducing energy consumption, achieving better network 

performance and increasing lifetime of network. So in 

order to develop a scheme that will prolong the lifetime of 

the WSNs is needed to increase the energy consumption of 

the sensors within the network. Our proposed methodology 

have a good energy efficiency and increasing lifetime 

network. 
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