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Abstract. In this work, we investigate the performance of heterogeneous stable
election protocol (HetSEP) for prolonging the network lifetime. An order-5
heterogeneous energy network model is proposed in this work that can defines
the order-1, order-2, order-3, order-4, and order-5 heterogeneity. We consider the
SEP protocol to calculate the lifetime of the network and consequently describe
its accomplishments as HetSEP-1, HetSEP-2, HetSEP-3, HetSEP-4, and
HetSEP-5. The SEP protocol is HetSEP-1 in which all the sensor nodes have
same amount of energy. The HetSEP-2, HetSEP-3, HetSEP-4, and HetSEP-5,
contain two, three, four, and five orders of energy, respectively. The network
lifetime increases as increasing the order of heterogeneity. The HetSEP-2,
HetSEP-3, HetSEP-4, & HetSEP-5, prolong the lifetime of the network 100.39%,
126.12%, 186.56%, & 285.67%, in respect to the increase the energy of the
network by 65.0%, 72.58%, 107.10%, & 208.40% with respect to the HetSEP-1.
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1 Introduction

Now a day, a wireless sensor networks (WSN) have turn out to be an attractive
technology, where WSNs deployed easily without increasing the cost of the network in
terms of communication infrastructures. These networks become popular because it
takes very less time in installation where we want to perform monitoring task in the
environment. Sensor networks are a network of network that includes a low size, low
battery power, low memory, and low complex devices, known as sensor nodes.
A WSN consists of thousands of thousand of sensor nodes installed with different
communication, sensing, storing and computing abilities. In the monitoring environ-
ment, every sensor has the facility to capture the object in the monitoring environment
of an activity and these sensor nodes perform calculation, and computations of the
received data from the monitoring environment. Each node create communicates
between the sensor nodes and its peers for collecting the monitored data and forward
the sensed data to the base station (BS) with the help of other sensor nodes. A lot of
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protocol are exits for data collection from the monitoring environment, and these are
energy aware for prolong the lifetime of the network because the substitution of the
battery power of the nodes is a extremely complicated practice, once upon a time these
sensor nodes have been installed in the monitoring environment. Sensor networks can
efficiently utilized the battery power of sensor nodes by considering the different
protocols for increasing the lifetime of wireless sensor networks [1]. There are two
possible ways to deploy the sensor nodes in the monitoring area namely determinis-
tically or randomly. The deployment of the sensor nodes in the deterministic fashion
are additional favorable in different applications such as physically accessibility of the
nodes are easy or nodes are placed manually in the monitoring locations. Example are
as follows for the deterministic fashion deployment the line in sand for target tracking,
city sense for urban monitoring, soil monitoring, etc. Another way of sensor node
deployment is the random deployment where sensor nodes are not physically inac-
cessible in the monitoring area, for example, Mines, bird observation on Great Duck
Island etc. In random deployment environment, the nodes are jumped down through an
aircraft.

Longevity of the network for prolonging the lifetime of networks is the most
important issue in wireless sensor networks, which is directly or indirectly influenced
by the energy of network. There are two possible ways to increasing the lifetime of
wireless sensor networks, firstly add some extra node in the monitoring environment,
and secondly, increase the energy of the existing sensor nodes. Adding some extra node
in the monitoring environment is the ten times costlier to increasing the energy of the
exiting nodes. Therefore, increasing the energy of the existing nodes is the best way to
increasing the lifetime of the networks. The categorizing the sensor nodes into groups
are an efficient way for utilizing the network energy called clusters where each cluster
has a master sensor node and it is also called the cluster head. This type of nodes has
several member nodes and usually called member of the cluster. The cluster head
generally performs the data fusion and data aggregation in order to have longer life-
time, the network should have good amount of energy. The wireless sensor networks
with different energy levels are called heterogeneous WSNs [2]. In this paper, we
propose a S-order heterogeneous network model for wireless sensor networks to
increasing the network lifetime. This model is capable to define order-1, order-2, order-
3, order-4, and order-5 heterogeneity. The order-1 describes single type of nodes in a
network in term of energy i.e., homogeneous network. The order-2, order-3, order-4,
and order-5 describe two types, three types, four types, and five type sensor nodes,
respectively. The election of cluster heads probabilities are weighted by the initial
energy of a sensor relative to that of other sensors in the network.

The rest of the paper is organized as follows. Section 2 discusses the literature
review based on clustering. Section 3 discusses the proposed heterogeneity network
model for five order of heterogeneity. In Sect. 4, experimental results are discussed and
finally in Sect. 5, the paper is concluded.
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2 Related Work

Now a day’s WSNs have attracted several researchers due to their potential applications
and challenges. Fruitful applications of the WSNs are as military, environmental,
health, scientific exploration, area monitoring and structural health monitoring appli-
cations, etc. At the same point of time, WSNs have numerous challenges like efficient
use of energy, fault-tolerance, connectivity, simplicity, coverage, robustness, scala-
bility, security, etc. The main challenges in wireless networks are related to the
improvement in network lifetime for longevity of the sensor networks. The lifetime of
the network is an essentially related to the efficient use of energy of the network.
Accordingly, lot of protocols have been developed for increasing the lifetime of
wireless sensor networks by considering different deployment techniques, and
heterogeneous networks models. Papers [6, 10] discuss an extremely first protocol for
prolonging the lifetime in WSNs by Heinzelman et al. in 2000, and this protocol is
known as low energy adaptive clustering hierarchy (LEACH) protocol. In this protocol,
sensor nodes are divided into several groups called as cluster, and a cluster node in each
cluster called cluster head that collects the information from its cluster members and
sends that to the base station (BS), and all sensors don’t send the data directly to the
BS. They send their data through cluster heads that is why this protocol is called
hierarchical protocol. In this protocol, the cluster heads may not be dispersed uni-
formly. The solution of this problem has been given in LEACH-C and fixed LEACH
[10], by dispersing the cluster heads all over the network so that it can produce better
performance in terms of network lifetime and energy consumption.

From the past few decades researcher mainly focuses on the homogeneous network
technologies but recently researchers are shifted to the heterogeneous network tech-
nology because it become more popular due to its better performance. It has been
proved by the researchers that lifetime in case of heterogeneous networks is large as
compare to the homogeneous networks. Due to that region many researchers are shifted
to heterogeneous networks and some works has been done the heterogeneous networks
models. In paper [11], stable election protocol (SEP) is proposed by Smaragdakis et al.
for heterogeneous networks, and it is an extension of LEACH and a very first protocol
in the field of energy heterogeneity. The selection of cluster head in SEP is based on
weighted election probability that can be calculated by the remaining energy of the
nodes and node initial energy. SEP considers two level of heterogeneity, which con-
tains two type of nodes namely normal and advance nodes. In this protocol, advanced
node energy is higher than that of the normal nodes. In paper [13], a distributed energy
efficient clustering (DEEC) protocol is discussed by Qing et al. using 2-level and
multilevel heterogeneity. The 2-level heterogeneity network model is precisely iden-
tical as discussed in [12] and multilevel heterogeneous model, the energy of each node
is arbitrarily to be paid from a given energy interval. Therefore, in this network levels
of energy can be infinite due to random allocation of the energy. This model is hardly
of any use because each node has different amount energy level and designing of such
type of nodes may not be practically feasible. In paper [12], an EEHC protocol for
heterogeneous WSNs is discussed by Mao et al. and it considers 3-levels of hetero-
geneity is discussed by using 3 types of nodes namely: normal nodes, advanced nodes,
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and super nodes. Advanced node energy is higher than normal node energy and the
super node energy is higher than advanced node energy. The selection of cluster head is
based on the weighted election probability so that the sensor nodes energy is efficiently
utilized. In [14] authors discuss a balanced energy efficient network integrated super
heterogeneous (BEENISH) protocol to compute lifetime of the network on the basis of
its average energy and its residual energy of nodes. In [15-22] authors discuss a
modified HEED protocol for heterogeneous WSNss. It describes 1-level heterogeneity,
2-level heterogeneity, and 3-level heterogeneity by considering level or order of
energies. It considers one additional parameter for fuzzy clustering called distance
between the sensor node and the cluster head to determine the cluster heads.

In paper [20] a novel energy-efficient clustering protocol (NEECP) for increasing
the network lifetime in wireless sensor networks is proposed. It selects the cluster heads
in an effective way with an adjustable sensing range and performs data aggregation
using chaining approach. It also avoids transmission of redundant data by using a
redundancy check function for improving the network lifetime. It is implemented by
considering the data with aggregation and without aggregation. In paper [21, 22] a
3-level heterogeneous network model for WSNs to enhance the network lifetime,
which is characterized by a single parameter is proposed. Depending upon the value of
the model parameter, it can describe 1-level, 2-level, and 3-level heterogeneity. The
proposed heterogeneous network model also helps to select effective active sensor
nodes for scheduling and compute the network lifetime by implementing two protocols
for our network model, which include ALBP and ADEEPS. The ALBP and ADEEPS
protocols are implemented for the existing 1-level, 2-level, and 3-level heterogeneous
network models, and for the proposed 3-level heterogeneous network model, the ALBP
implementations. The simulation results indicate that heterogeneous protocols prolong
the network lifetime as compared to the homogeneous protocols. Furthermore, as the
level of heterogeneity increases, the lifetime of the network also increases.

Paper [23] discusses a cluster based approach is proposed to increase the network
lifetime and throughput of the heterogeneous wireless sensor networks. This approach
combined the direct data transmission to base station with the cluster head transmission
of data in wireless sensor networks. It uses the twice energy for advanced nodes in
comparison to normal nodes. It is observed that results are found good with the use of
10% of advanced nodes along with normal nodes in the network in this approach.
However, on further increasing the advanced node deployment beyond deployment
30%, network lifetime and throughput of network start degrading. So, the proposed
solution with 10% advanced node may be considered as the best suitable and acceptable
solution for better network throughput and life time in WSNs. This paper [24] gives a
new reputation based OR metric and some rules, in which the next hop selection is based
on its reputation. This metric considers the reputation level as a primary selection
parameter for next-hop. A new OR metric relies on energy efficiency and packet
delivery ratio of next-hop. This OR protocol selects all middle position neighbors as
next-hop and potential forwarder will be decided on the basis of new OR metric. Energy
consumption is considered to be dynamic. It has been compared with Middle Position
Dynamic Energy Opportunistic Routing (MDOR), and Trust and Location Aware
Routing Protocol (TLAR). Paper [25] discusses a data aggregation approach for
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analyzing in wireless sensor network. This approach minimizes the traffic between the
clusters and the sensor nodes by removing the duplicate data at the cluster heads.

In this work, we discuss an order-5 energy network model for increasing the
lifetime of a wireless sensor networks. We consider SEP implementations for perfor-
mance evaluation of the proposed model and accordingly the implementation of SEP is
denoted as HetSEP-1, HetSEP-2, HetSEP-3, HetSEP-4, and HetSEP-5. The variants of
HetSEP-1, HetSEP-2, HetSEP-3, HetSEP-4, and HetSEP-5 are one, two, three, four,
and five order of nodes, respectively. The heterogeneity is beneficial in networks
because increasing the network energy by adding more sensors is much costlier than by
increasing the energy of some of the nodes. In next section, we will discuss network
assumptions and propose our heterogeneous network model.

3 Proposed Method

We assume the following for the WSNs.

e All the nodes have similar abilities such as its memory, processing power, com-
munication range and having equal significance.
Sink is stationary in our networks and situated in middle in the networks.
Sensor nodes have capabilities of data fusion and aggregation.

e The categorization of sensor and their energies depends on the order of
heterogeneity.

e All the sensor nodes are randomly deployed.

e All the nodes have same capability such as link, memory, sensing range and
Mmicroprocessor except energy.

We propose an order-5 heterogeneity or non homogeneous network energy model
i.e., capable to describe the order-1, order-2, order-3, order-4, and order-5 hetero-
geneity. Let N be the total number of nodes in the network. The numbers of nodes for
all five order of heterogeneity in the network are denoted as Ny, N,, N3, N4, N5 and they
necessity assure the inequality Ns <N4 <Nz <N, <N;. The sum of energy/battery
power of the heterogeneous networks is denoted by E;,, and given by

Eoa =Eox fxN+E P x N+ Ey« P« N+ Esxf*« N+ Egx P« N (1)

where, [ is a parameter and Ey, E|, E>, E5 and E, are the energies of order-1, order-2,
order-3, order-4, and order-5 nodes that necessity assure the inequality
Ey > E3 > E, > E| > Ey. The battery power of order-i sensor nodes is related to the
battery power of order-1 sensors is give by

Ej:EO+Hj (2)
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Using (1), (2) can be written as

Epat = Eo % B+ N+ (Eg+ 1)) * B>+ N+ (Eo+ 1) * B+ N + (Eo + ) * *
« N+ (Eg+uy) % > «N

Wi, Wy, 13, and p, are the new model parameters. Ey,, can be simplified as follows:

Epa =N (Eox (B+ B+ + B+ )+ (B x w4+ B+ pmy+ B ps+ 5+ py))
(3)

Order-1 Heterogeneity: For p, =, = p; =y =0, the model defined in (3)
described one non zero term or one type of nodes (order-1) i.e., called order-1
heterogeneity. The total network energy of order-1 is as follows:
Eorderfl = EO * (ﬁ + ﬁz + ﬁB + ﬁ4 + ﬁs)
The total no. of sensor nodes in order-1 heterogeneity is defined as
Ni=Nx (B+ 5+ 5 + 5+ 5)
With the following condition

B+B+F+B+5 =1

Order-2 Heterogeneity: For 1, = 3 = i, = 0, the model defined in (3) contains two
non zero. It defines order-2 heterogeneity and contains order-1 and order-2 nodes. The
total network energy of order-2 is as follows:

Eoder—2 = Bo* (B+ B+ 5 + B +5) + B * 1y

The total no. of order-1 and order-2 nodes in order-2 heterogeneity, denoted by N;
and N,, respectively, are given as

Ny =Nx B+ +5 + 5+ ),
anszzN*Bz*pl

With the following conditions

(B+ B>+ B + B+ ) 100 = Ny and, B* %, = N — Ny.
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Order-3 Heterogeneity: For |1; = p, = 0, the model defined in (3) contains three non
zero terms and define three types of nodes as called order-1, order-2, and, order-3
nodes. The total network energy of 3-order is as follows:

Eowder—3 = Eo# (B+ B+ + B+ ) + B+ + B+,

The total no. of order-1, order-2 and order-3 nodes in 3-order heterogeneity,
denoted by Ni, N, and N3, are respectively, given as

Ny =N (/)’+/32+ﬁ3+/34+ﬁ5)7N2 =N B>, and N3 = N 2 5 .
With the following conditions

(B+B+F +B +5) «100 = Ny,and 25, + > % 1, = N— N,.

Order-4 Heterogeneity: For pi, = 0, the model defined in (3) contains four non zero
terms and define four types of nodes as order-1, order-2, order-3, and order-4 nodes.
The total network energy of order-4 heterogeneity is as follows:

Eire—s = (Eo* (BB + B + B +B) + (B + B x iy + B x13))

The total no. of order-1, order-2, order-3, and order-4 nodes in order-4 hetero-
geneity denoted by Ny, N,, N3, and Ny, are respectively, given as

Ny =N (B+ 2+ + B+ ),
Ny =N+ sy,
N3:N*ﬂ3*p2, and
N4=N>kﬁ4>ku3.

With the following conditions
(B+ B>+ B + B+ B°) 100 = Ny, and

B+ B o+ B xpy =N =Ny

Order-5 Heterogeneity: the model defined in (3) contains all non zero terms and
define five order heterogeneity. The five typ of are as order-1, order-2, order-3, order-4,
and order-5 nodes. The total network energy of order-5 heterogeneity is as follows:
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Eires = (Eox (B+ B +B +B +B)+ (B + B xmy+ B x5+ B )

The total no. of order-1, order-2, order-3, order-4, and order-5 nodes in order-5
heterogeneity denoted by Ny, N,, N3, N4, and Ns, are respectively, given as

Ny =Nx (B+ B+ B+ +5),
Ny =N By,
N3 =N 5y,
Ny = N * * % 13, and
N5:N>kﬁ5*p4

With the following conditions

(B+ B+ +B*+ ) * 100 = Ny, and
B+ By + B g+ B kg =N — N
The selection of master node or cluster head is depends on the probability of nodes.

We determine the probability of order-5 heterogeneity nodes i.e., order-1, order-2,
order-3, order-4, and order-5 nodes as follows:

. popt
Porder—1 = ((ﬁ+ﬁ2+ﬁ3+ﬂ4+ﬁ5)+<ﬁ2*ul+ﬂ3*u2+ﬁ4*p3+ﬁ5*u4)
. popt * (Ml)
Pt 2 = (B P P+ B+ F) + (B b+ B v o+ Fo i+ B+ )
. popt * (“2)
Poes 3 = (BT P Pt B+ B) + (Frp+ Bt Pt frm) (Y
. popt * (“3)
Potees = (Br P+ B+ B+ F) + (P x4 B g+ B s+ )
. popt * (“4)
PorterS “ BB+ BB +F) + (B by + B 5t B o s+ 5 % )

In Eq. (1), replace the value of p,, by the weighted probability for the threshold
i.e., applied to select the master node in each and every round. The threshold of order-
1, order-2, order-3, order-4, and order-5 nodes are define as T(Sorder—1)> T(Sorder—2)s
T(Sorder—3)> T(Sorder—4)> and T(Soaer—5), respectively, as in (5).
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Porder—1 if Syrder— 1Gl
Sordg, 1 L (1‘ mOded,,, 1)
0 Otherwise
Porder—2 if s, der72G2
sarde} 2 1 Porier2- (I' mOdpmmr 2)
0 Otherwise
Porder- ; 3
der=3 if sorder73G (5)
Sorder 3 IPoraer—3-\ T mOdpnrder—3>
0 Otherwise
Porger—a if Sorder— 4G4
1
sarde} 4 ! p""”"”""(r mOdpm-dw—4)
0 Otherwise
Porder—s if Syrder— 4G5
T(Sordgrfj) = 1=Porger—s-\ T mOdpMd” s)
0 Otherwise

where, r is the current round, G',G*, G, G*, and G°, are the set of order-1, order-2,
order-3, order-4, and, order-5 nodes that have not yet turn into master node in last

1 1 1 1 1
and } rounds and  T(Sorder— T (Sorder—
{pmq *Porter—2 " Porter—s " Porter—s  Poraer—s ’ (Sorder-1)> T(Sorder-2):

T(Sorder—3)> T(Sorder—4)> and T(Soraer—5) are the thresholds applied to the population of
order-1, order-2, order-3, order-4, and order-5 nodes, respectively.

In the next section, we will discuss the simulation of the exiting SEP i.e., HetSEP-1,
HetSEP-2, HetSEP-3, HetSEP-4, and HetSEP-5 protocols.

4 Simulation Results

In this section, we present the simulation results for our proposed heterogeneous net-
work model by considering SEP protocol and the implementation of SEP protocol over
our proposed model is called HetSEP. Section 3 has discussed a proposed model and it
can define order-1 (original SEP), order-2, order-3, order-4, and order-5 heterogeneity
of the WSNs. On the bases of heterogeneity, we call the implementations as HetSEP-1,
HetSEP-2, HetSEP-3, HetSEP-4, and HetSEP-5 heterogeneity. In this work, we
compute the network lifetime, no. of alive nodes, no. of dead nodes, no. of packets sent
at the sink and total energy consumption for the proposed heterogeneous network
model. In this work, we have randomly deployed 100 no. of nodes in an area of size
100 M x 100 M. The energy dissipation model is used in this work as same given in
[2, 6, 10]. Table 1 shows the input parameters which are used in our simulations.
For different order of heterogeneity, the proposed model has characterized by
different parameters f5, i, 1, i3 and . For order-1 heterogeneity (HetSEP-1), we
assume the total no. of sensor nodes are 100 with initial energy 0.5 J. For order-1
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heterogeneity (HetSEP-2), we compute the no. of order-1 and order-2 nodes are 75 and
25 and the energies of order-1 & order 2 are as 0.5 J and 1.80 J, respectively. For
order-3 heterogeneity (HetSEP-3), we compute the no. of order-1, order-2, and order-3
nodes are 70, 20 and 10 and the energies are 0.5 J, 1.64 J and 1.85 J, respectively. For
order-3 heterogeneity (HetSEP-4), the no. of order-1, order-2, order-3, and order-4
nodes are 65, 20, 10 & 5 and the energies are 0.5 J, 1.75 J, 2.06 J & 2.45 J, respec-
tively. For order-5 (HetSEP-5), we compute the no. of order-1, order-2, order-3, order-
4, and order-5 nodes are 60, 15, 12, 8 & 5, and the energies are 0.5 J, 1.54 J, 2.69 J,
434 J & 6.82 J, respectively.

Table 1. Simulation parameters

Heterogeneity | No. of Nodes B N o s My Ey | E; E, E; E,4 Eotal Lifetime
Order-1 100 NA |[NA |NA |NA |NA |05 NA |NA |[NA |NA 50.00 | 1815
Order-2 75 + 25 0.44 | 1.31 |[NA |NA |NA [ 05| 1.80 | NA |NA |NA | 82.50 | 3637
Order-3 70 + 20 + 10 042 |1.14|135|NA |NA | 05| 1.64|1.85| NA | NA | 86.29 | 5201
Order-4 65+20+10+5 040 1.25|1.56 | 1.95 | NA |0.5|1.75|2.06 | 245 | NA | 103.55 | 4104
Order-5 60+ 15+ 12+8+5|038|1.04|2.19|3.84|6.31 05| 1.54|2.69 | 434 |6.82 | 154.20 | 7000

NA- not applicable

In Fig. 1, we have work out for different orders of heterogeneity by considering the
no. of alive nodes with respect to the number of rounds. It is evident from the analysis
of simulation of results, as the order of heterogeneity increases, the network lifetime of
the network increases. It is also clear from the Fig. 1 that the last sensor nodes dead
come about in 1815"™, 3637", 5204™, 4104™ and 7000™ no. of rounds for all five
variants of HetSEP protocols, respectively. The HetSEP-5 performs the better than
among all others in terms of no. of alive sensor nodes. We also computed the no. of
dead nodes in Fig. 2 for different orders of heterogeneity with respect to the number of
rounds.

In Fig. 2, the first nodes dead become 402th, 662th, 843th, 1020th, and 1602th in
no. of rounds for HetSEP-1, HetSEP-2, HetSEP-3, HetSEP-4, and HetSEP-5,
respectively.

In Fig. 3, we have computed the no. of packets delivered to the sink with respect to
the no. of rounds for different orders of heterogeneity. The no. of packets transferred to
the sink in HetSEP-1, HetSEP-2, HetSEP-3, HetSEP-4, and HetSEP-5, has been
obtained as 1.51 x 10%, 2.51 x 10%, 2.72 x 10*, 3.33 x 10* and 4.73 x 10%,
respectively, with respect to the no. of rounds. It is also evident that the HetSEP-5 has
more no. of data packets delivered to the sink than the HetSEP-1, HetSEP-2, HetSEP-3,
and HetSEP-4. In this work, we have also computed the total energy consumption with
respect to the number of rounds as shown in Fig. 4. The five order of heterogeneity
(HetSEP-5) performs better among all orders of heterogeneity of the HetSEP variants.
However, the rate of energy consumption is much slower in case the HetSEP-5 (five
order of heterogeneity) than the all other orders of heterogeneity. The HetSEP-2,
HetSEP-3, HetSEP-4, and HetSEP-5, increase the network lifetime 100.39%, 126.12%,
186.56%, and 285.67%, corresponding to the increase in the network energy by 65.0%,
72.58%, 107.10%, and 208.40% with respect to the HetSEP-1.
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5 Conclusions

In this work, an order-5 heterogeneity network model has been proposed for WSNss,
namely: order-1, order-2, order-3, order-4, and order-5 heterogeneity in terms of
energy. As the analysis of simulation of results, prolonging heterogeneity order pro-
longs the network lifetime in much proportion as compared to prolong in the network
energy. However, the HetSEP-2, HetSEP-3, HetSEP-4, and HetSEP-5, prolong the
network lifetime 100.39%, 126.12%, 186.56%, and 285.67% corresponding to the
prolong in the network energy by 65.0%, 72.58%, 107.10%, and 208.40% with respect
to the HetSEP-1. The HetSEP-5 performs better than the HetSEP-1, HetSEP-2,
HetSEP-3, and HetSEP-4.
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