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Abstract
Background/Objectives: Wireless Sensor Network consists of a large number of sensor nodes that are randomly 
deployed in inaccessible areas where battery replacement or recharging is not possible. Hence energy consumption is 
a major issue in these networks. Clustering is a key technique that increases the battery lifetime. The sensor networks 
can be homogeneous or heterogeneous. In heterogeneous network, the nodes have different resource heterogeneity like 
link and computation and energy. Lot of work has been done on energy heterogeneity to increase the network lifetime. 
Methods/Statistical Analysis: This paper analyses the two level energy heterogeneity protocols. The two level energy 
heterogeneity protocols with normal and advance nodes prove to have better network lifetime and stability period than 
the homogeneous protocols like LEACH. Findings: Out of the heterogeneous protocols, ZSEP has better network lifetime, 
throughput and stability period than SEP and DEEC. But though the lifetime of LEACH is higher than SEP, the protocol has 
smaller stability period and throughput. Improvements/Applications: LEACH is a homogeneous protocol while SEP, ZSEP, 
DEEC are heterogeneous protocols. This paper analyzes the performance of LEACH, SEP, ZSEP and DEEC. Heterogeneous 
networks are used to monitor hostile environments with longer network lifetime and stability period.
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1.  Introduction

Wireless Sensor Network (WSN) is made up of a large 
number of battery powered sensor nodes. These nodes 
have limited battery energy which is not rechargeable 
or replaceable1. But technological development and 
advancement in wireless communication has enabled 
WSN to have wide applications in hostile environments.
WSN can operate on unattended harsh environments in 
which human-in-the-loop monitoring scheme are risky 
or not feasible. In WSN, sensor nodes are randomly 
deployed in the sensing field to measure the physiological 
parameters like temperature and pressure2. As these 
sensor nodes are battery limited thousands of nodes have 
been deployed. Hence managing such large networks 

require scalability and efficient management strategies. 
A good number of researches are going on the energy 
consumption of sensor nodes. The sensor network can be 
homogeneous or heterogeneous. 

2.  Clustering

Clustering is a technique where nodes are grouped into 
clusters3 and every cluster has a Cluster Head (CH). Every 
cluster member forwards the sensed data to the CH4,5. 
The CH coordinates the data gathering and aggregates 
the data in a particular cluster. Clustering reduces energy 
consumption and increases life time of the network. 
Figure 1 shows the clustered architecture of Wireless 
Sensor Network with the Base Station (BS) at the center.
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2.1  Why Clustering is required in WSN?
Cluster architecture increases the spatial reuse of 
resources and guarantees performance achievement and 
system capacity. These clusters may be overlapping or 
non-overlapping and equal or unequal in size. CHs form 
the virtual backbone for inter cluster routing.

2.2 Advantages of Clustering6

•	 Clustering reduces the routing table size stored in 
individual nodes.

•	 It conserves communication bandwidth.
•	 Prolongs network lifetime by performing data fusion 

and aggregation.
•	 It improves the scalability of the network as it 

minimizes the central organization and promotes 
local decisions.

Figure 1.    Clustered architecture of Wireless Sensor 
Network with Base Station at the center.

The CH selection strategy may be classified as 
deterministic, adaptive and hybrid7,8.

2.2.1 Deterministic Scheme 
Here the CHs are selected based on the attributes like 
Node – Id and Node degree.

2.2.2 Adaptive Scheme 
In this scheme, the CHs are selected based on the resource 
information like residual energy, energy dissipated 
during last round and initial energy. The adaptive scheme 
is further classified based on the initiation of the CH 

selection. They are Base Station assisted or self organized 
i.e. Probabilistic. The probabilistic is further divided into 
fixed parameter or resource adaptive.

2.3 Need for Heterogeneity
Wireless Sensor Network can be homogenous or 
heterogeneous. In homogeneous network, all the sensor 
nodes have the same capabilities in terms of energy, 
computation and storage. In heterogeneous network, the 
nodes have different resources. They are classified as link, 
computational and energy heterogeneity9. Computational 
heterogeneity nodes have more powerful processor with 
higher computational capability than others while link 
heterogeneity nodes have better bandwidth and energy 
heterogeneity nodes are line powered and we can replace 
the batteries. The energy heterogeneity has proved in 
giving better lifetime.

3.  Prepare Energy Model

A fixed network which includes sensor nodes and 
Base Station is taken into consideration in this paper. It is 
assumed that the energy consumption of the sensor is due 
to the radio transmission and reception. The radio model 
stated in10  as in Figure 2 is used.

Figure 2.    Energy model of sensor node.

The energy consumed in transmitting one message of size 
‘k’ bits over a transmission distance ‘d ‘is given by:
Etx(k,d)=k(Eelec+Ramp*dλ)   (1)
Where:
  K = Length of the message.
 D = Transmission distance between transmitter and 
receiver.
Eelec = Electronic energy.
 Eamp = Transmitter amplifier.
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λ = Path loss component (2 ≤ λ ≤4).
The energy consumed in the message reception is 

given by:

Erx=Eelec*k     (2)
Hence from (1) and (2) the total energy consumption 
when the sensor receives a message and forwards it over a 
distance d is given by:
Etot(d)=k(Eelec+Eampdλ    (3)

4.   LEACH (Low Energy Adaptive 
Clustering Protocol)

LEACH10 is a homogeneous hierarchical clustering 
protocol. The key features of LEACH are:
•	 Adaptive clustering and randomized rotation of CHs.
•	 Data aggregation reduces the global communication. 
•	 Cluster setup and control is done by local coordination 

and control. 
•	 Application specific data processing.

In LEACH, nodes randomly elect themselves as 
CH. The data communication in this protocol is based 
on single-hop communication model11. The operation 
is broken into rounds. In advertisement phase, all the 
cluster heads transmit with same energy using CSMA 
protocol. In the setup phase, clusters are organized 
which constitute the steady state phase and data transfer 
phase. Since LEACH is a homogeneous network it does 
not conserve the heterogeneous nodes in terms of initial 
energy. The energy saving scheme is not effective and in 
addition LEACH depends only on the spatial density of 
the sensor network.

5.  SEP (Stable Election Protocol) 

This is a two level energy heterogeneity protocol with 
normal and advanced nodes deployed randomly in the 
network field as in Figure 3. SEP12 is based on weighted 
election probability and a node becomes CH depending 
on the initial energy in every node. The sink is located at 
the center of the field. In SEP the probability of the death 
of the normal node is higher than the probability of the 
death of the advanced node. The advanced nodes alone 
are alive during the last rounds as they are nearer to the 
base station. SEP provides longer stability period and 
higher throughput to the base station than LEACH.

FAIR protocol is obtained when m = 1in SEP.
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Figure 3.    Network architecture of SEP.

                Dead node.
     Normal node (Alive). 
     Advance node.
        +      Cluster head.

6.   ZSEP (Zone Stable Election 
Protocol)

ZSEP13 is a two level energy heterogeneity algorithm 
which uses two techniques to transmit data to the Base 
Station. The normal nodes transmit data directly to the 
Base Station and the advanced nodes via CH. In SEP, 
when the normal and advanced nodes are deployed 
randomly, the normal nodes with lesser energy than the 
advanced nodes are placed far away from the Base Station 
thereby shortening the stability period and decreasing 
the throughput. This ultimately decreases the efficiency 
of SEP. To overcome this ZSEP divides the network into 
three zones: Zone 0, Head Zone 1, Head Zone 2 (Figure 
4). The normal nodes deployed in Zone 0 near the Base 
Station while advanced nodes nearer to the boundaries. 
The normal nodes sense data and transmit them directly 
as they are nearer to the Base Station. So, there is no 
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probability of CH selection. As the advanced nodes which 
are placed farther away from the Base Station are nearer 
to the boundaries, they transmit through CHs. Hence the 
probability of selecting a CH is given by:

(1 )
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Figure 4.    Network architecture of ZSEP.

7.   DEEC (Distributed Energy 
Efficient Clustering) 

This is also an energy aware clustering protocol where 
every sensor node independently elects itself as CH, 
based on the initial and residual energy of the nodes. 
Here DEEC14 uses the average energy of the network 
as the reference energy in order to control the energy 
expenditure of the nodes by adaptive approach. Therefore, 
DEEC need not have any global knowledge of energy at 
every election round. When a new epoch begins, every 
node Si, computes the average probability pi, by the total 
energy Etotal, while the estimated value R of the lifetime is 
broadcasted by the BS. Pi is used to calculate the election 
threshold T (Si). This threshold decides node Si that has 
to be CH for the round. The nodes with greater initial 
energy and remaining energy will have more chances of 
becoming CHs. The drawback in DEEC is: The advanced 
nodes are punished in the network particularly when the 
residual energy gets reduced and they become normal 
nodes. As a result, they die rapidly reducing the network 

lifetime. DEEC penalizes always the advanced nodes, 
especially when their residual energy gets depleted and 
falls in the range of normal node, Therefore the advanced 
nodes die quickly than the normal nodes. In DEEC all 
the nodes must have the knowledge of the total energy 
and the life time of the network. Average energy of the 
network is used as Si computes the average probability Pi 
by the total energy Etotal while the estimated value R of the 
life time is broadcasted by the BS. Now Pi is used to get 
the election threshold T (Si). This threshold decides node 
Si to be a CH in the current round.
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8.  Simulation and Result

The Wireless Sensor Network field is 100m x 100m and 
the Base Station is placed at the center of the field at 50m 
x 50m. Let N be the total number of nodes and ‘m’ be 
fraction of N called advanced nodes. The initial energy of 
normal and advanced are E0, and E0 (1+a) where ‘a’ is the 
additional energy factors between normal and advanced. 
The total energy of two level heterogeneous networks is 
give by15:
Etotal=N*E0*m*(1+a)+N*(1-m)*E0  (11)
Etotal=N*E0*(1+m)    (12)
This indicates that there are N* (1-m) normal nodes 
and N*m advanced nodes. Based on their probability 
equations the threshold values are calculated for all 
above algorithms. If the random number chosen by the 
nodes are less than or equal to the threshold value, that is 
elected as CH. Figure 5 shows the number of dead nodes 
in FAIR, LEACH, SEP, ZSEP and DEEC. The stability 
period of ZSEP has 53.05% enhancement than LEACH, 
43.07% enhancement than SEP, 23.26% enhancement 
than DEEC. Figure 6 shows the number of alive nodes in 
the rounds of the protocols. Figure 7 shows the through 
put of SEP, ZSEP and DEEC. Table 1 shows the parameter 
settings and Table 2 shows the comparison for a = 1 and m 
= 0.2 for LEACH, SEP, ZSEP and DEEC protocols.
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Table 1.    Parameter setting
Parameters Value

Eelec 50nJ
EDA 5nJ
Efs 10pJ/bit/m3

Eamp 0.0013pJ/bit/m2
E0 0.5J
k 4000bits

Popt 0.1

Figure 5.    Dead nodes in FAIR, LEACH, SEP, ZSEP, 
DEEC for a = 1, m = 0.2.

Figure 6.    Alive nodes in FAIR, LEACH, SEP, ZSEP, 
DEEC for a = 1, m = 0.2.

Figure 7.    No. of packets transmitted in FAIR, 
LEACH, SEP, ZSEP, DEEC for a = 1, m = 0.2.

Table 2.    Comparison of protocols for a = 1, m = 
0.2
Protocol Stability 

Period
Network 
Life time

Throughput

LEACH 1018 4685 1.90X104
SEP 1089 3005 1.9X104
ZSEP 1558 4119 2.11X105
DEEC 1264 3033 6.61X104

However the network lifetime of ZSEP is more than SEP 
and DEEC. But it is lesser compared to LEACH which 
does not have any weighted probability as in the rest of 
the protocols. ZSEP is 37.07% more in network lifetime 
than SEP and 35.81% more than DEEC. The throughput 
is also higher in ZSEP compared to SEP, DEEC and 
LEACH. Since in ZSEP, the data transmission is direct for 
normal and via CH for advanced nodes. As the normal 
nodes packets are not aggregated by the CH, they are 
transmitted directly to the BS and the through put is 
higher for ZSEP compared to the rest of the protocols. 
Figure 8 compares the stability period and the network 
lifetime of FAIR, LEACH, SEP, ZSEP and DEEC.
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Figure 8.    Compares the stability period and the 
network lifetime of FAIR, LEACH, SEP, ZSEP and 
DEEC.

9.  Conclusion

Sensor networks are used in remote applications for 
gathering data. Designing efficient clustering protocols 
for sensor networks to reduce energy consumption and 
increase network lifetime is important. In this paper 
we have compared the performance of two level energy 
heterogeneity protocols SEP, ZSEP and DEEC have been 
compared with the homogeneous protocol LEACH. 
Among the heterogeneous protocols ZSEP has better 
stability period and network than SEP and DEEC as the 
nodes are deployed efficiently based on their initial energy 
levels. The throughput of ZSEP is also higher because the 
normal nodes transmit directly to the BS and not through 
CH.
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