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Abstract Wireless Sensor Network were deployed in a complex environment where the
wide range of complex application is mandatory for the services. Such application includes
military, agriculture, healthcare, defense, monitoring, surveillance etc. In general sensor
nodes were spatially distributed and deployed in remote fashion, usually they are powered
up by batteries. These battery powered sensor nodes are pruned to failure due to its power
constrained nature. This led many researchers to explore energy efficient context aware
routing for Wireless Sensor Networks. Hence a novel energy harvesting based efficient
routing scheme is desirable to address the above stated problem. The key idea is to harvest
the energy source from the deployed environment. The proposed routing scheme is tested
and validated in MATLAB based simulation test bed. The experimental results shows that
the proposed routing scheme is robust and meet all the requirements of routing and
promising results for energy usage.

Keywords Energy harvesting - Energy efficient routing - Routing - WSN - Sensor -
Swarm - Nature inspired

1 Introduction

Present day technologies leads sensor applications to wide range of usage and adaptability.
These sensor technologies were tiny and widely used in complex situations [1]. Once these
sensor were deployed on the field it is not possible to frequently access the node and
manual configuration is still a risky factor [2]. Hence these senor nodes were more
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precisely concentrated and worked on in order to avoid failure due to manual configuration.
These sensor node requires energy and most of the senor nodes were battery backed up
nodes. Hence power is an important issue in the sensor network [3-5].

Energy is the main issue which is directly oriented to network performance. Any
deviation in the power could compromise the performance of the entire network [6]. Hence
a optimal and realistic routing scheme is needed to route the data packets from source to
destination. The present day sensor nodes were subjected to portable and constrained
sources for energy and chance for energy dissipation is high and leakage is more. Some of
the alternate energy sources like solar, wind based element can generate electric power
frequently.

Hence in this paper such a technique is used to harvest the energy from the ambient
environment and to harvest the energy source to the sensor network [7]. To address the
problem stated above, a novel energy harvesting based routing scheme is proposed.

The organization of the paper is as follows: Sect. 2 deals with related work and basic
knowledge about the energy harvesting schemes along with energy aware and energy
efficient routing. Section 3 represents the proposed methodology. Section 4 discuss about
the experimentation carried out to implement the proposed routing scheme. Section 5
finally concludes the paper.

2 Literature Review

Energy is the major part which plays a vital role in performing all the operations. The main
goal of Wireless Sensor Network (WSN) is to design an optimal algorithm which should be
energy efficient in routing. Enormous amount of protocols have been proposed by many
researchers. Some of them were complex, reliable and benchmarked [8]. Low-energy
adaptive clustering hierarchy (LEACH) is an efficient self organizing hierarchical protocol
widely used for energy efficient routing. Later it has been modified for several versions in
order to achieve better results. The successor of the LEACH protocol is Power-Efficient
Gathering in Sensor Information Systems (PEGASIS). PEGASIS is a chain based protocol
which works based on chain of neighbor communications. Some of the successors of
PEGASIS [1, 4, 5] includes algorithms such as (Energy efficient PEGASIS) EEPB, MHRP
etc [9].

Recently researchers proved the possibility of energy harvesting in WSN [10]. Here
author claimed that TMG 127 series sensor module is an autonomous module widely used
as standalone energy harvesting node to measure temperature [11]. Liqun Hou et al. also
stated about the various sensor modules used for energy harvesting in the sensor network.
Some of the researchers have also tried to design thermoelectric generators for physical
surveillance [10]. Selvarathinam et al. stated about various energy harvesting techniques
from the human bodies for biomedical application. Zhou et al. stated that Most of the
researchers from north east countries work on Energy harvesting model in order to reduce
downlink of sensor network, reducing network overhead, optimal energy scheduling
strategy. Giindiiz et al. stated in their paper about optimal offline transmission scheme for a
multi-hop communication system [12].

From the literature it is seen that energy harvesting can be applied to any sensor network
with proposer configuration [13—16]. The literature also reveals that there is no algorithm is
available in hybrid fashion by combining energy harvesting technique along with nature
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inspired algorithm. Hence there is a strong need for the proposed Energy harvesting based
efficient routing scheme for Wireless Sensor Network [17-21].

The present day sensor nodes were subjected to portable and constrained sources for
energy and chance for energy dissipation is high and leakage is more [22, 23].

Energy harvesting based efficient routing scheme is a novel scheme which uses har-
vesting mechanism to harvest energy using solar powered pane [24-26].

We consider a two step cluster head selection process for Energy harvesting based
efficient routing scheme. In the first step, clustering to cluster energy harvesting nodes and
its related nodes. In the second steps, nature inspired intelligence scheme in energy har-
vesting nodes for routing the data packets. Using K-means algorithm, the Centroid value is
directly given among the clusters and harvesting node is performed by calculating transient
probability distribution functions. After cluster, harvesting node is selected and nature
intelligence scheme is applied to route the data packets within the clusters, using traditional
Ant and Bee colony algorithm.

The main motivation of our research work is:

The proposed routing scheme is well works during the time of path loss effects, capable
of reorder the nodes with novelty and robustness.

1. Uniform utilization of energy among all the nodes.
2. To increase the life time of the network.
3. Reduce packet drop ratio.

3 Energy Harvesting Based Efficient Routing Scheme

Energy harvesting based efficient routing scheme as shown in the Fig. 1 is a novel
scheme which uses harvesting mechanism to harvest energy using solar powered pane
(physical hardware attached to homogeneous sensor nodes).

Energy harvesting based efficient routing scheme has two main phases. (1) Clustering to
cluster energy harvesting nodes and its related nodes. (2) Incorporating nature inspired
intelligence scheme in energy harvesting nodes for routing the data packets.

’ Sensor Application 1...n

’ TCP ‘
’ Network Layer Energy efficient
harvesting
based routing
’ Data Link layer MAC scheme

’ Physical layer ‘

Fig. 1 Deployment architecture of proposed routing scheme
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A. Clustering

Clustering is performed to cluster the nodes to connect the other nodes with the harvesting
node. Here K-means algorithm [6] is used to cluster the nodes. The centroid value is
directly given to the harvesting node where it is autonomous head among the clusters. This
reduces the impact of node selection. Selection of harvesting node is performed by cal-
culating transient probability distribution function by applying it to all the nodes.

B. Nature inspired intelligence scheme

Once the cluster is formed and harvesting node is selected. Nature inspired intelligence
scheme is applied to route the data packets within the clusters. Here, traditional Ant and
Bee colony algorithm [27, 28] is applied and performance measure were estimated. As
stated in the Fig. 2. Route Request (RREQ) and Route Reply (RREP) are used to handle
the request and response of the query message.

C. Experimentation and performance analysis

The experimental setup is carried out using 200 nodes in a MATLAB simulated envi-
ronment with 5 harvesting nodes and 2 base stations. The simulation long lasts for more
than 60 min with equal interval to process the data from the sensor and to transmit it using
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Fig. 2 Energy harvesting based efficient routing scheme
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the proposed routing scheme. Some of the node were pre-assigned to perform energy
harvesting in order to validate and harvest the energy. Figure 3 represents the network
setup of the harvesting nodes.

Algorithm
For all the nodes in the network
Calculate transient probability
Select harvesting node
Apply k-means
cluster all the nodes
Apply Ant Colony and Bee colony algorithm

Route the packets

Figure 4 represents the bit usage of the harvesting nodes. The energy harvesting nodes
are shown in different colors and layered. The average rate of the bit accessible by the
harvesting node is 8 bit and maximum upto 32 bit chunk. Due to the limited constraints of
sensor network, the sensor nodes were formed in the way of byte addressable. The
transmission is carried out by calculating tag bits as stated in Eq. 2. Later these tag bits are
converted to binary and forwarded finally.

Formulae to calculate tag bits be represented as follows

exponent of address = exponentof index — exponent of offset (1)
Tagbits = bitlength address — exponent of address (2)

Case 1:

Consider the scenario, the bit usage rate during energy harvesting be 10 words. For each
words it consists of 4 bytes. For an average of 8 words there is 32 bytes of chunk to be
transmitted. The protocol uses context aware on demand wake scheduling by default. The
offset address value be 10 and index value be 20. Then the Tagbit size is 40 — 20 — 10 = 10.
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Fig. 3 Harvesting node
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Fig. 4 Bit usage statistics for each harvesting node

Figure 5 explains the path loss and fading effect of the harvesting sensor nodes. Here,
the sensor nodes were automatically simulated to perform the fade out effect in order to
validate the situation of path loss. During simulation, the node 1 and node 2 is simulated to
fade out its range between the communications nodes. When the situation is enabled and
nodes starts to fading out its communication range, the other nodes collaboratively leaded
the network to transmit the data by reordering and rescheduling the data transmitted from
the failed nodes.
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Fig. 5 Path loss and fading effect estimation in sensor network
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Fig. 6 Energy usage statistics for harvesting nodes
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Fig. 7 Battery usage statistics for harvesting nodes

Figures 6 and 7 explains the energy usage of the energy harvesting nodes. From the
observation it is clearly shown that the nodes harvesting the energy is also subjective to
performance degradation due to some form factors like node replication, node path

reordering etc.
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Fig. 8 ACO versus BCO performance results for localization of harvesting nodes
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Fig. 9 ACO versus BCO performance results for network due time of harvesting nodes

Figures 8, 9 and 10 represents the performance analysis plot for various parameters such
as node localization rate, network due time and dropped packet count etc. From the

observation, both the protocol works similar for most of the cases.

4 Results

Energy harvesting routing method is used for efficient energy in WSN. Here traditional Ant
and Bee colony algorithm is applied and performance measure was estimated. In this,
analysis of result from this method, performance of the nodes is degradation due to issues

like node replication, node path reordering.
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Fig. 10 ACO versus BCO performance results for packet loss count of harvesting nodes

At the same time performance of analysis are measured parameters like node local-
ization rate, network due time, dropped packet count etc.

At the end of the performance analysis of the result, Ant colony algorithm and Bee
Colony algorithm are similar in the performance for all the parameters in Tables 1, 2 and 3.

5 Conclusion

Finally this paper is concluded by proposing a robust Energy harvesting based efficient
routing scheme for Wireless Sensor Network. Here the proposed routing scheme is optimal
for well configure homogeneous network. The experimentation and performance analysis
carried out over the proposed routing scheme gives the promising results and the accuracy
of the proposed scheme is better and quantified in nature. The proposed routing
scheme works well during path loss effects and capable to reorder the harvesting node
which reveals the novelty and robustness of the proposed scheme. In future, the work can
be extended along with overhead reduction and fault handling procedures.

Table 1 Localization of har-

vesting nodes LACO L
Minutes Nodes Minutes Nodes
1 55 1 22
42 4 20
7 20 7 18
40 22 40 60
55 42 55 42
57 41 57 41
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Table 2 Network due time of

harvesting nodes NACO BCO
Minutes Nodes Minutes Nodes
22 1 22
40 4 32
7 20 7 29
40 42 40 41
55 38 55 40
57 39 57 40
s Pkt ios ol g
Minutes Nodes Minutes Nodes
2 1 0
0 4 0
0 7 0
40 0 40 1
55 2 55 2
57 2 57 2
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