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Abstract: Wireless Sensor Network (WSNs) is used broadly for collecting data and the data
is used in performing tasks which are mission critical. The most inspiring thing in Sensor
Networks deployed in mission critical jobs is the implementation of routing protocols
which is energy effectual. We put forward an enhanced and stable energy effectual routing
protocol for heterogeneous WSNs in this paper. The key factors analyzed for improving
efficacy of routing are consumption of energy during communication in clusters and var-
ied levels of energy in heterogeneous WSNs. In this proposed routing protocol, the proba-
bility of a node becoming cluster head (CH) is on the basis of the rate of energy consump-
tion and the transmission area covered by the node. Apart from these, we incorporate node
heterogeneity with respect to initial energy and we observe the impact in the network per-
formance. Our results obtained from simulation confirms the fact that the proposed meth-
od can prolong the network lifespan compared to existing protocols used in homogenous
WSNs, which is essential for applications which are mission critical.

Keywords: Wireless Sensor Network, Homogenous WSNs, Heterogeneous sensors, Energy
effectual routing protocol, Cluster Head Selection.

1. INTRODUCTION

Mission Critical Sensor Networks offer massive connections of network devices and sensors
and is used in different domains [1]. Wireless Sensor Network finds its application in count-
less areas for data collection to perform some mission critical operations. WSNs contains
numerous tiny self-governing equipment named the sensor nodes that senses a phenomena,
processes the sensed data in a basic level and communicating with each other [2]. The Sen-
sors in WSNs are usually powered by batteries. There are large numbers of factors which
causes higher battery power exhaustion in WSNs like the count of sensor nodes, monitoring
purpose, local data pre-processing, and communication related activities [3]. Energy exhaus-
tion in WSNs is a concern of supreme significance and in the past period of time it is re-
vealed by many numbers of protocols, algorithms, and techniques to preserve energy and to
prolong the network lifetime. WSNs are employed typically to observe environmental chang-
es or habitat monitoring, various automation processes, smart cities and traffic control, etc.
[4], [5]. WSNs are indispensable in various domains of day to day life [6], [7]. Due to the
frequent sensing of phenomena by sensor nodes, it is obligatory for all sensor nodes to oper-
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ate in a usual state, provided the sensor nodes may have constrained energy asset and failure
of sensors may lead to serious disaster in the deployment environment [8].

2. RELATED WORK

Wireless Sensor Networks is categorized as two major kinds as homogeneous and heteroge-
neous WSNs. Homogeneous Sensor Network has a group of identical sensor nodes having
same properties, while a group of well-connected dissimilar nodes forms the Heterogeneous
Sensor Network [9]. In recent times, numerous heterogeneous and energy adaptive routing
protocols have come into existence for wireless sensor networks [10]. H. Alami et al has in-
troduced the Stable Election Protocol(SEP) in which the probability of a node becoming the
cluster head (CH) is on the basis of the remaining energy left in each node, This CH selection
scheme helps to prolong the life span of the network [11]. Qing et al. proposed the Distribut-
ed Energy Efficient Clustering (DEEC) which is an energy effectual clustering scheme de-
veloped for heterogeneous WSN with single level heterogeneity [12]. The major variance
between DEEC and SEP is that in DEEC protocol, CH selection probability is on the basis of
the proportion of the left out energy to the total energy consumption of the network in aver-
age but SEP scheme considers only the residual energy of the nodes. The thing common in
both the schemes is the time taken for a node to become the CH is based on the estimation of
initial energy and residual energy of the node. An enhanced version of distributed energy
efficient clustering scheme and routing protocol for three types of node heterogeneity
evolved by Saini et al, which extends the network life span and constancy [13] and similar to
Qing et al here in this work also heterogeneity is involved and that to in a higher degree by
adding another category of node named super node with different energy level. Aslam et al.
proposed a Centralized Energy-Efficient Clustering and Routing protocol (CEEC) [14]. The
CEEC brings heterogeneity in deployment area by partitioning the network area into three
equal parts, where nodes of same energy level are disseminated in the same spatial location.
Qureshi et al. proposed the Balanced Energy-Efficient Network Integration Super Heteroge-
neous (BEENISH) protocol, after investigating the consumption of energy during communi-
cation, cluster head selection and varied levels of energy in the heterogeneous WSNs [15].
According to BEENISH, it is proposed with four levels of nodes in WSN and the CH is nom-
inated based on the available amount of energy in a node.

The major focus of the paper includes:

. Formula-
tion of an energy effectual cluster head election algorithm that considers the area coverage by
nodes. When the node with less coverage rate acts as the CH, it may cause early death of
nodes because its energy consumption is imbalanced.

o A meth-
od for the selection of CHs bearing in mind the ratio between residual energy of the sensor
nodes and energy consumption of the respective node to support the extended lifetime of the
network.

3. SYSTEM DESCRIPTION

In this section, we discuss our system design and heterogeneities in the network and we will
discuss its relevance and suitability.
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3.1 NETWORK MODEL

The network simulated in the paper contains three-level heterogeneity [16]. In contrast to
conventional homogeneous WSNSs, heterogeneous WSNs will contain dissimilar types of
nodes and which is most suitable for practical applications because of its heterogeneous and
diversified nature.

3.2 HETEROGENEITY IN NETWORK
The proposed work involves heterogeneity in the following:

Node Heterogeneity

The proposed work uses four heterogeneous nodes in WSNs, as 50% of nodes are normal
nodes, which have the similar opening energy as in the conventional homogeneous WSN,
deploys 30% of extradinary nodes whose energy is double the energy of normal nodes, in-
cludes 15% of super nodes, which have triple the energy than the normal nodes, employs 5%
of ultra-super nodes whose battery power is 4 times higher compared to normal nodes.

Energy Heterogeneity
There are two main causes for the prevailing energy heterogeneity.

1.Sensor Nodes in the WSN are deployed with dissimilar energy levels initially to carry out the
designated operations.

2.The Energy consumption by the nodes are different because network will lead to imbalanced
energy usage by nodes during different operations (i.e., CH may consume a higher energy
compared to other nodes).

Link Heterogeneity

The nodes have different energy levels and so obviously the communication links are also
heterogeneous. Links are heterogeneous as nodes with greater energy will have huge band-
width and network relay distance also longer when compared to normal nodes. Link hetero-
geneity will not have a great impact in long distant data transmission and link quality, if ap-
propriate nodes are selected for transmission.

3.3 BASIC ASSUMPTIONS IN NETWORK
The proposed work is implemented on making following assumptions before the simulation:

e The entire network is deployed with around 50 wireless sensor nodes deployed in a plane
having dimension 100 X 100 m%

e The nodes are spread randomly with 4 dissimilar initial energy levels.

e The batteries of the nodes are neither replaceable nor repairable.

e Base Station is placed centric in the sensing diameter.

4. THE PROPOSED ROUTING PROTOCOL

The proposed routing protocol assumes that the nodes in the network have four energy levels,
hence classified as normal nodes, extradinary nodes, super nodes, and ultra-super nodes and
the CH is elected according to the proportion of remaining energy to the energy consumed by
the particular node. Apart from this, node coverage by the nodes also influences the CH se-
lection process. The protocol implementation is shown as in the Figure 1,
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4.1 CLUSTER HEAD SELECTION

As an initial step of cluster head selection, the node coverage area for all the nodes is to be
computed. The monitoring area in the simulator is in the form of a square and is separated as
equal sized pixels. The size of the pixels differs in accordance to the real application envi-
ronment.
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Fig. 1. The proposed System Design

The pixel coverage is estimated by the combined estimation probability of groups of nodes
[17]. The area covered by a node set A is calculated as the fraction of area covered by the set
of nodes A and the total monitoring area.

Coverage Area (A E\A i::“" 1)
Where,

N is the node count in the cluster.

P (Cov) represents the cumulative coverage probability of nodes in the particular cluster or
group.

A X A is the area of the square shaped sensing area.

Consider the total amount of nodes in the cluster is N and are named as ND1, ND2,
ND3....... NDN. A set of optimal nodes which will have eligibility to become CH with large
coverage rate are selected from all clusters using (1) and a pool of optimal node set NODE
opt is formed and after the first node is selected as CH based on the selection scheme in the
appropriate clusters. We need to select the next node iteratively in each cluster from the pool
of optimal nodes and additionally the CH selection scheme involves the collection of energy
consumption and residual energy information from all nodes, as shown in figure 2. Energy
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consumption of all CHs in NODE opt pool is collected as Econsp and initial energy of all
CHs in NODE opt pool is recorded as Einit.

Efnﬂsp,- = E:"!=J. Efnr!sp,-{f ElZuiin NDDED‘pt} (2)
Efm'rl- = EF:LEI'HI'E,'{“'- 1S J-'E v ane aa mNDDEn‘pt } (3)

The residual energy is calculated from (2) and (3) as

ERFS,‘ = El'm'r,- - Efni'!s;:l,- {f ELZ. "':"]DDEn'pt } (4)

The purpose of collecting Energy information of the CHs is that, apart from coverage rate in
our proposed method we consider energy also an important factor in electing the CH. A nu-
merical measure named, Vitality Factor (VF) is calculated for each CH by taking the ratio
between residual energy and energy consumed using (2) and (4) as

LRes

VE = ——., (i€ 1.2..0u .. NODE ;) (5)

Liomsp;

Higher residual energy of a CH leads to a higher value for vitality factor. When a node hav-
ing high VF is elected as CH then inevitably life time the network also increases.

4.2 BROADCAST PHASE

Once the Cluster Head is chosen in the current round, it will start transmitting initial broad-
cast messages to the rest of the nodes in the network. The Carrier Sense Multiple Access
(CSMA) MAC protocol is used by the current CH to broadcast the messages among the
nodes [18]. After broadcasting is over, each non-cluster head node will receive the message
and now it is the time for the nodes to determine the appropriate cluster it should belong, and
this happens in the next phase [19]. The selection of appropriate cluster by the nodes is de-
pendent on the acquired signal stability of the broadcast.

Cluster
Head Selec-
Vitality Node
Factor Coverage
Alternate
Nnde

Fig. 2. CH Selection Model
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43 CLUSTER FORMATION

In this phase, nodes will start to decide about the cluster it has to join and once decided, it
should report to the corresponding Cluster Head. Each node employs CSMA - MAC protocol
to get synchronized with CH [20]. At the end of this phase, the nodes would have been
grouped into definite number of clusters.
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Fig. 3. Network Setup

4.4 DATA TRANSMISSION PHASE

Once clusters are formed, the TDMA (Time Division Multiple Access) scheduling of data
packets starts. The nodes in the clusters will start to transmit data packets to the Cluster Head
in the stipulated transmission slot. A simple energy management is achieved here by making
the each non-cluster head nodes to turn off the transmitter as per its transmission time slot
meanwhile the Cluster Heads must have their receivers on all the time for receiving data
packets from the member nodes in the cluster. During every round of transmission in the
network begins with node initialization phase during which the clusters are established that is
followed by that is the steady state, during which the data are forwarded to the Base Station.

5. RESULTS AND FINDINGS

The whole network is simulated in NS3 simulator and in order to estimate the outcome of the
proposed protocol, it is compared with homogenous WSN with LEACH protocol (taken as
existing system). The energy model is developed in this simulation as 50% of nodes are nor-
mal nodes, which have the similar initial energy as a node contains in the conventional ho-
mogeneous WSN, 30% of extradinary nodes whose energy is double than the normal nodes,
15% of super nodes, which have triple the amount of energy when compared to the normal
nodes, 5% of ultra-super nodes, whose battery power is 4 times higher compared to normal
nodes as shown in figure 3.

The number of living nodes decides the life span of the WSN. Lack of proper energy man-
agement in the WSN may lead to reduction of residual energy of nodes, untimely decease of
sensor nodes in the network, and which in turn condense the life time of the network. Lesser
the energy exhaustion, greater the number of living nodes and lengthier the life time of
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WSNs. Energy is an important factor here which influences the life time of the WSN. The
overall Energy consumption and network life time in comparison with the existing system is
presented in Figure 4 and Figure 5 respectively.
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Fig. 4. Energy Consumption
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Fig. 5. Network life time

Throughput is considered to be a performance measure in any network. Throughput is calcu-
lated by taking the rate data transferred from source to destination in a given point of time.
From Figure 6, we can observe that the introduced algorithm provides optimal throughput
rate.
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Fig. 6. Comparison of Throughput
Network delay is a critical design and performance issue in mission critical WSNs, where
data has to be taken swiftly. Delay shall be calculated by considering the time taken for a bit
of data to travel across the network from one communication endpoint to another. The unit
for delay is multiples or fractions of a second. Figure 7 shows proposed scheme shows a min-
imum delay.
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Fig. 7. Network delay comparison

6. CONCLUSION

In this paper, a novel and energy effectual routing algorithm for multilevel heterogeneous
WSNs with single-hop communication is proposed. To improve the life span of the network
and to make the algorithm energy efficient, CH selection is done on the basis of node cover-
age area and vitality factor of nodes which is the fraction of the remaining energy and the
energy consumed by nodes. The results obtained from simulation showcases that the pro-
posed algorithm outperforms existing algorithms used in homogenous WSNSs in terms of en-
ergy consumption, network delay, throughput and network lifetime
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