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ABSTRACT : While wireless sensor networks are 
increasingly equipped to handle more complicated 
functions, these battery powered sensors which used in 
network processing, use their constrained energy to 
enhance the lifetime of the network especially in a 
heterogeneous settings. Clustered techniques have since 

been employed to optimize energy consumption in this 
energy constrained wireless sensor networks. In Classical 
clustering protocols, equal energy is assigned to all nodes 
and they cannot take full benefit of the presence of node 
heterogeneity. SEP, a heterogeneous-aware protocol is 
used to prolong the time interval before the death of the 
first node which is crucial for many applications where 
the feedback from the sensor network must be reliable. 

The performance of SEP in comparison to LEACH 
Protocol is analyzed in this paper in which the relation 
between number of alive node and number of rounds for 
different base stations and terrain area is analyzed. If the 
base station is closer to the network nodes die out after 
more number of rounds when compared to the base 
station far from the network. For larger terrain area nodes 
die out after more number of rounds when compared to 

the smaller terrain area. 
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INTRODUCTION 

 A wireless sensor network is composed of 

numerous sensor nodes which have sensing, 

computational ability and self-organizing 

capability. These sensor nodes can sense its 

periphery to collect the data such as temperature, 

humidity and even specific events. Each sensor 

node communicates with other nodes within its 

radio communication range [1]. These sensors 

suffer from power limitation because they are 

deployed in remote places that are not easy to 

reach. New sensors have to be deployed to replace 

the old ones because the life time duration of such 

devices is very limited. It is some of these 

limitations that has shown an increasing interest 

from the scientific community to research in such 

devises that would enhance the longevity and 

coverage of the devices by using various new 

technology developments in this field. The main 

focus is to enhance the life time of sensors and to 

use the limited resources efficiently by adopting 

mechanisms, algorithms and protocols that 

consider these limited resources as main priorities 

and challenges to produce efficient and reliable 

networks [2]. 

I. LITERATURE REVIEW 
Clustering techniques is used to manage the 

energy in WSNs. Low Energy Adaptive Clustering 

Hierarchy (LEACH), a clustering based protocol 

make use of randomized rotation of cluster-heads 

to evenly distribute the energy load among the 

sensors in the network [3]. However, LEACH 

protocol is not heterogeneity-aware. When the 

energy is not properly distributed among nodes in 

the network, the sensors die out faster than they 

normally should have if they were to maintain their 

energy uniformly. In real life situation it is difficult 

for the sensors to maintain their energy uniformly, 

thus, introducing energy imbalances. LEACH 

assumes that each node in the network uses equal 

amount of energy with respect to the overall energy 

of the system. Conventional protocols such as 

Minimum Transmission Energy (MTE) and Direct 

Transmission (DT) [4] do not also assure a 

balanced and uniformly use of the sensor’s 

respective energies as the network evolves. Stable 

Election Protocol (SEP) [5], a heterogeneous aware 

protocol, based on weighted election probabilities 

of each node to become cluster head according to 

their respective energy. This approach ensures that 

the cluster head election is randomly selected and 

distributed based on the fraction of energy of each 

node assuring a uniform use of the nodes energy. In 

the SEP, two types of nodes (two tier in-clustering) 

and two level hierarchies were considered. SEP 

prolong the time interval before the death of the 

first node (refer to as stability period), which is 

crucial for many applications where the feedback 

from the sensor network must be reliable.  

II. HETEROGENEOUS WSN MODEL 
In this section, a model of a wireless sensor 

network in which the nodes are heterogeneous in 

their initial amount of energy is described. In this 
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model some percentage of the population of sensor 

nodes assembled with more energy resources than 

the rest of the nodes. Let m be the fraction of the 

total number of nodes n, which are equipped with α 

times more energy than the others. These powerful 

nodes are advanced nodes, and the rest (1 − m) × n 

are normal nodes. All nodes are distributed 

uniformly over the sensor field. 

Clustering Hierarchy 

A sensor network that is hierarchically 

clustered is considered here. The LEACH (Low 

Energy Adaptive Clustering Hierarchy) protocol 

[6] maintains such clustering hierarchy. In 

LEACH, random rotation of cluster head is used to 

evenly distribute the energy among the network. 

Only the cluster head has to report to the sink and 

may expend a large amount of energy, but this 

happens periodically for each node. In LEACH 

there is an optimal percentage popt (determined a 

priori) of nodes that has to become cluster heads in 

each round assuming uniform distribution of nodes 

in space. If the nodes are homogeneous, then in 

LEACH protocol each node will become a cluster 

head exactly once every 1/popt rounds. Initially each 

node can become a cluster head with a probability 

popt. On average, n x popt nodes must become cluster 

heads per round per epoch. Nodes that are elected 

to be cluster heads in the current round can no 

longer become cluster heads in the same epoch. 

The non-elected nodes belong to the set G and in 

order to maintain a steady number of cluster heads 

per round, the probability of nodes  G to become a 

cluster head increases after each round in the same 

epoch. The decision is made at the beginning of 

each round by each node s  G independently 

choosing a random number in [0, 1]. If the random 

number is less than a threshold T(s) then the node 

becomes a cluster head in the current round. The 

threshold is set as:  

 

where r is the current round number. The election 

probability of nodes  G to become cluster heads 

increases in each round in the same epoch and 

becomes equal to 1 in the last round of the epoch. 

How the election process of cluster heads should be 

adapted appropriately to deal with heterogeneous 

nodes is shown here, which means that not all the 

nodes in the field have the same initial energy. 

Optimal Clustering 

The clustering is said to be optimal when 

the energy consumption is well conveyed to all 

sensors in the network and the total energy 

consumption is minimum.  Such optimal clustering 

highly relay upon the energy model used here [6]. 

 According to the radio energy dissipation 

model illustrated in Figure 1, in order to achieve an 

acceptable Signal-to-Noise Ratio (SNR) in 

transmitting an L−bit message over a distance d, 

the energy expended by the radio is given by [28]: 

 

where Eelec is the energy dissipated per bit to run 

the transmitter or the receiver circuit,  and  

depend on the transmitter amplifier model we used, 

and d is the distance between the sender and the 

receiver. To receive an L−bit message the radio 

expends: 

kEkE elecRX *)(   

 

 

 

                                              

 

Figure 1.  Radio Energy Dissipation Model 

In homogeneous network, unstable region 

will be very less for LEACH. After the death of the 

first node, all the remaining nodes are expected to 

die on average within a small number of rounds as 

a consequence of the uniformly remaining energy 

due to the well distributed energy consumption. 

Even when the system perform in the unstable 

region, if the spatial density of the sensor network 

is large, the probability that a large number of 

nodes be elected as cluster heads is significant for a 

significant part of the unstable region. In this case, 

even though the system is unstable in this region, 

still have a relatively reliable clustering (sensing) 

process. The same can be noticed when the popt is 

large and spatial density is very low. However, 

LEACH produce the higher unstable region for 

heterogeneous network. The reason behind it is that 

all advanced nodes are equipped with almost the 

same energy but the election of cluster head is 

unstable and most of the time these nodes are not 
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used because there is no cluster head to 

communicate.  

This problem of improper cluster head 

selection is overcome by SEP. SEP enhance the 

stable region and as a result decrease the unstable 

region and improve the quality of the feedback of 

wireless clustered sensor networks, in the presence 

of heterogeneous nodes. 

 

III. PERFORMANCE OF LEACH AND 

SEP 
We simulate a clustered wireless sensor 

network in a field with dimensions 100m× 100m 

and 50m x 50m. The population of the sensors is 

equal to n = 100 and the nodes, both normal and 

advanced, are randomly (uniformly) distributed 

over the field. We placed the BS at a far distance 

from all other nodes. We simulate the results for 

50m x 50m plot and 100m x 100m plot when our 

BS is located at (50, 300) and (50,200) so that the 

BS is at least 100m from the closest sensor node. 

The initial energy of a normal node has been set to 

Eo = 0.5J.  

 

  

(a) 

 

 

(b) 

 

( c ) 

Fig 1 (a) . Performance results of SEP in presence 

of heterogeneity for different BSs. (b) Performance 

results of LEACH in presence of heterogeneity for 

different BSs. (c) Performance results of LEACH 

for homogeneous for different BSs. 

 

 

(a) 

 

(b) 

 

(c) 

Fig 2. (a) Performance results of LEACH for 

homogeneous network for  50m x 50m  and 100m 
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x 100m field. (b) Performance results of LEACH in 
presence of heterogeneity for 50m x 50m and 100m 

x 100m terrain area. (c) Performance results of SEP 

in presence of heterogeneity for 50m x 50m and 

100m x 100m terrain area. 

 

Figure 1 shows the relation between 

number of alive node and number of rounds for 

different base stations. It is analyzed that if the base 

station is closer to the network nodes die out after 

more number of rounds when compared to the base 

station far from the network.  

Figure 2 shows the relation between 

number of alive nodes and number of rounds for 

different terrain area. It is analyzed that for larger 

terrain area nodes die out after more number of 

rounds when compared to the smaller terrain area. 

 

IV. CONCLUSION 
The performance of SEP and LEACH is 

analyzed in this paper. The relation between 

number of alive node and number of rounds for 

different base stations is analyzed. It is analyzed 

that if the base station is closer to the network 

nodes die out after more number of rounds when 

compared to the base station far from the network.  

The relation between number of alive nodes and 

number of rounds for different terrain area is also 

analyzed. It is analyzed that for larger terrain area 

nodes die out after more number of rounds when 

compared to the smaller terrain area. 
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