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Abstract. Wireless Sensor Network (WSN) has emerged as one of the most important technologies serving an array of
solutions for critical applications such as defense, industrial monitoring and decision purposes. Data routing in WSN is effective
or non-effective depending upon the energy saving for nodes while transferring data packets to the sink. Mainly WSN divided
into two modes; heterogeneous and homogeneous. Heterogeneous network in WSN mainly focused on the cluster head selection.
Sink mobility in the heterogeneous network has still many open research issues, it is observed that it makes the network more
energy efficient. The optimization in the network leads to the stability of the network at a much higher level. In this paper, the
sink mobility is optimized for WSN using Honey Bee Optimization (HBO) technique by considering the parameters such as energy
and distance. The proposed protocol shows significant improvement in the stability period by 33 % by covering 2928 rounds and
enhanced network lifetime by 1500 rounds in compared with 2033 and 14084 rounds for iMBEENISH protocol respectively.
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1. Introduction. Wireless sensor networks (WSN) sometimes also called as wireless sensor and actor
networks (WSAN) are spatially distributed autonomous sensors network to monitor physical or environmental
conditions such as temperature, sound, pressure, etc. for critical application such as defense and e-healthcare
[2, 17, 18]. The modern sensor networks are bi-directional in the data flow, which means the data can be
transmitted from nodes to sink and vice versa enabling control of sensor activity [19, 14, 7].
The properties of WSN are explained below.
• Infrastructure less: WSN has not any fixed infrastructure, which results in low communication overhead
and the network has not forced to follow any specific topology for communication.
• Multi-Hoped: WSN comprises of multiple nodes and the different nodes communicate with each other
through different routes to reach each other. In this topology, the data packet travels from one node to
another node to reach its final destination. In this way, it helps in energy conservation which is one of
the most prominent concerns in WSN [10].
• Requirement of Location information in case of Location Base Algorithm: In case of WSN, the location
information is required according to the application for which it is being deployed. Generally, the
location information is required in case of geographical based routing protocols. For this purpose,
Global Positioning System (GPS) is installed in the sensor nodes. From the installed GPS, they find
the distance from the other node and data is sent accordingly.
• Network size: WSN randomly deployed in the remote and large area to sense the information where
human intervention is not possible. Generally to cover a large area the number of the node is also more
and also a number of the nodes depend on the application for it is used.
• Homogeneous Network and Heterogeneous Networks: WSN may be homogeneous or heterogeneous
depending upon the application for which it is used. Heterogeneous networks perform energy efficient
routing.
This research work focused on a heterogeneous network of WSN as various clustering topology assign
different roles for data collection to the different nodes. The cluster head will consume more energy than the
rest of the nodes as it performs more function and operation than others. The research conducted for the same
recommends, electing the node having more energy as a cluster head [4] and making it feasible to preserving
more energy for the network.
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2. Related Work. Due to advancement in the field, a lot of research conducted to improve the network
lifetime for wireless sensors and energy conversion is one of the most important challenges faced by the researcher.
The network stability gets achieved with help of embedding homogeneity in existing networks. To enhance the
network lifetime and introduce a variety of energy level nodes in network Stable Election Protocol (SEP) [16]
framework was introduced. In this protocol, two types of nodes exist i.e. normal and advance one where an
advance node has (1+a) times effective energy than normal one. It helps in enhancing the stability of node i.e.
increase the gap time interval before the previous node gets expired. The probability of nodes to be cluster
heads is shown in equation 2.1:
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for normal nodes;
(2.1)
P = 1(p+ am
(1 + a))

 opt
for advance nodes;
(1 + am)
If two level distributions considered then SEP not retrieved results and get failed. Distributed Energy
Efficient Clustering (DEEC) [12] proposed ration of nodes average energy obtained with the residual energy
left. DEEC also worked on two levels of energy like SEP. Advanced nodes are having (1 + a) times energy than
normal one. The probabilistic formula for selection of CH is given in equation 2.2:
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where Ei (r) is the residual energy of the node i at round r, E(r) is the average energy at round r of the network
which is determined a priori before the nodes are deployed in the network. The formation of cluster heads using
advance nodes suffered from penalized effect without consideration of energy reservoir. Developed Distributed
Energy-Efficient Clustering (DDEEC) [5] decides the selection of available nodes from cluster heads which are
working equally with existing nodes with help of threshold limit. Two levels of heterogeneity protocols proposed
where, Energy Efficient Heterogeneous Clustering (EEHC) [9] was the first one who introduced three levels of
heterogeneity, containing normal nodes, advanced nodes, and super nodes. The EEHC has 10% performance
improvement over protocol Low Energy Adaptive Clustering Hierarchy (LEACH) [6]. Enhanced Developed
Distributed Energy-Efficient Clustering (EDDEEC) [15] worked on threshold values which avoid the energyrich nodes penalizing by existing three levels of nodes formation. Balanced Energy Efficient Network Integrated
Super Heterogeneous Protocol (BEENISH) [13] introduced ultra level nodes heterogeneity which comprised of
four levels with the involvement of normal, super and advanced nodes. There have been various techniques
based on HBO for the mobility of sink in homogeneous WSN [3, 11]. However, for heterogeneous WSN the
mobility of sink is still not touched much.
3. Honey Bee Algorithm for sink mobility in Heterogeneous WSN. Honey Bees algorithm performs random search along with the neighborhood search for both functional and combinatorial optimizations.
As shown in Figure 3.1, the main aim of this algorithm is to find an optimal solution by the honey bees natural
foraging behavior. Here, various parameters are required in general i.e. scout bees (n), selected sites in visited
sites (m), stopping criteria, best sites in selected sites (e), initial patch size that includes the size of the network
and its neighborhood, bees for selected sites, bees for (m − e) sites [8]. Bees are randomly placed in a space
and then the evaluation of bee’s fitness is done. Now, the bees with the highest fitnesses are the selected bees
and the bees that visit the sites are selected for the neighborhood search. Now for the selected sites, recruit
bees and evaluate fitness. Fittest bees from each patch are selected. Remaining bees are randomly assigned in
search space and then their fitness is evaluated. The steps are further repeated until the stopping criterion is
met. The bees algorithm is used in various applications such as data clustering, pattern recognition in neural
networks, engineering.
In a sensor network, the nodes lying near the sink have to forward the data of their own along with the data
of the nodes which are far away from the sink, as a consequence of which the nodes nearby the sink got depleted
in terms of their energies. This depletion of the energy of the nearby nodes results in the network isolation or in

Honey Bee Optimization based Sink Mobility Aware Heterogeneous Protocol for Wireless Sensor Network

593

Fig. 3.1. Honey Bees algorithm

other words the HOT SPOT problem. Using sink mobility this problem will be mitigated to a significant level
i.e. the energy consumption of the nearby nodes is balanced. There are also some biological protocols which are
used to enhance the performance of the sensor network in terms of network lifetime, throughput and quality of
service.
4. Proposed Protocol: HBO-iMBEENISH. In this protocol, the research aims to improve mobility
aware BEENISH protocol [1]. In this four level of heterogeneity like in BEENISH consisting of normal nodes,
advanced nodes, and ultra-nodes. This is the first time any protocol used four levels of energy heterogeneity in
the network. P (i) is the probability of the node to become the cluster head and is expressed differently by the
different protocols like DEEC, EDEEC, and DDEEC etc. More efficient the probabilistic selection of cluster
head more chances of the network having a much better life. As mentioned in the section of problem definition
there is penalization of more energy enriched nodes to stay as cluster head which tends to drain their energy
much faster when their energy becomes equal to the normal nodes. The concept of a threshold is being applied
in the EDDEEC for the three levels of energy heterogeneity but never been done the same in the four levels.
So the new proposed probabilistic equation for the selection of cluster head is given below:

P opt ∗ Ei

for normnodes if E(i) > T ab
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for allnodes if E(i) > T ab
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In above equation the absolute value of Threshold is written as T ab = z ∗ E0 and here z ∈ (0, 1). In our
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Fig. 4.1. Methodology

proposed scheme we have used z = 0.9 and Ea being the average energy of the network which is given by the
expression below:
Ea =

Et(1 −
n

r
R)

(4.2)

Here r is the current round and R being the maximum number of rounds used in the network. The selection of
cluster head is done by the threshold formula which is being used in the BEENISH but with some modification
by multiplying it by the terms of residual energy and average energy of network.

((P (i) ∗ E(i))

if S(i) ∈ G
(4.3)
T (Si) = ((1 − P (i)(rmod(1/P (i))) ∗ Ea)

0
otherwise
Nodes which belong to set G are eligible for cluster formation or else other nodes get out of cluster if they
previously selected. By utilizing value of P (i) using equation 4.3 different normal, ultra and advance nodes
selects under cluster head.
The methodology for the proposed work is stated as follows.
i The process for the data collection starts with the network formation as shown in Figure 4.1. In network
formation, the network area is defined with a defined number of nodes. The energy values to those
nodes are assigned. These energy values are radio values which are fundamentally the same in all
wireless routing protocols.
ii Network formation is connected to the connector step A. It checks for the energy of every node and
applies probabilistic equation according to the types of nodes. If the energy of a node is 0, a node is
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Fig. 5.1. Packets sent to Base Station

said to be dead. A counter is checked for the total number of nodes. If all the nodes are dead, then
network stops functioning. If the energy of the node is non zero, then it determines the P (i) value for
each node. Then it determines the threshold formula while using the P (i) value.
iii A random number is generated for each node and it is compared with the Threshold value, if the random
number is less than the threshold value, it is selected as Cluster Head node. Otherwise, the node is
selected as a Cluster Member node.
iv Thereafter, the connection to the B terminal is done. The selection of the lowest energy CHs is done.
Honey Bee Optimization is applied to select the CH and to move the sink towards the selected CH.
Then sink collects the data and aggregates from the CHs thereafter the network operation is halted.
5. Results and Discussions. The simulation is performed in MATLAB software. The simulation analysis
is being shown between Figure 5.1 - 5.4. It is observed that the HBO-iMBEENISH has outperformed the
protocols MBEENISH and iMBEENISH.
Throughput in case of HBO-IMBEENISH has improved significantly as compared to iMBEENISH and
MBEENISH as shown in Figure 5.1. It is due to the optimized sink mobility which reduces the number of
packet that is dropped while data transmission. The optimized mobility helps in efficient collection of data
from the network. The network longevity is observed in Figure 5.1 and Figure 5.3. The stability period is
observed to be enhanced by 33% as compared to iMBEENISH and MBEENISH. It is due to the reduced energy
consumption by the proposed approach. The remaining energy of HBO-IMBEENISH covers more number of
rounds as compared to the IMBEENISH and MBEENISH as shown in Figure 5.4. It is due to balance in energy
consumption in the network by the proposed approach.
6. Conclusion. The growing demand for energy efficient WSN has led to the exponential rise in a communication system by triggering the global academia and industry in the same direction. The mobility in WSN has
pushed the horizon of its applications to much further level. It is observed that clustering in WSN has not only
brought load balancing in the network but also has distributed the energy consumption evenly in the network.
In this paper, applying HBO technique for the sink mobility has not only enhanced stability period but also
has improved network lifetime with a much larger amount. The proposed model efficiency gets enhanced to
33% which covers 2928 rounds and enhance accuracy whereas iMBEENISHpropotcol involves only 2033 rounds.
Improvement in network lifetime also moved to 15000 rounds in comparison with the 14084 rounds completed by
the iMBEENISH protocol. Total improvement of 6% gets covered by the proposed protocol. The enhancement
in the proposed protocol is accounted to the optimized sink movement in the network and cluster head selection
is incorporated with the provision of avoiding the penalization of high energy nodes. The proposed protocol
has outperformed the MBEENISH protocol in terms of different performance metrics which are shown in the
Figures in the result section. In future work, it is proposed to investigate the performance of the protocol by
varying the energy values of nodes.

596

A. Kr. Luhach, A. Khamparia, R. Sihag, R. Kumar

Fig. 5.2. Dead Nodes vs. Rounds

Fig. 5.3. Alive Nodes vs. Rounds

Fig. 5.4. Network Remaining Energy
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