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Abstract: Wireless sensor networks consist of some nodes that have limited processing capability, small
memory and low energy source. These nodes are deployed randomly and often densely in the environment.
In momtoring applications, sensor nodes sense data from the environment periodically and then transmit them
to a base station which 1s called sink node. Thereby, data transmission consumes node’s energy based on
transmission distance. In most wireless sensor networks, the energy source of the node is limited and can not
be minimized. Here, researchers have proposed the Efficient Multipath Routing Tree based Energy Minimization
(EMRTEM) for minimizing the energy consumption in W3Ns. It consists of three phases. These phases are the
Tree selection phase, multipath routing tree determination and Mimmizing Average Energy Consumption
Model. The proposed scheme which attains the balance route minimum cost, route redundancy and energy
efficiency in WSNs. By simulation results, the proposed EMRTEM achieves better data delivery ratio, improved
network lifetime, less end to delay and energy consumption m terms of mobility, time, throughput, packet
mterval and number of nodes than the existing scheme ADAPT.
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INTRODUCTION

Wireless Sensor Networks (WSNs): Wireless Sensor
Networks (WSN’s) have attracted a great deal of research
attention due to their wide-range of potential applications.
Applications of WSN include battlefield surveillance,
biological detection, medical monitoring, home security
and nventory tracking. This type of network consists of
a group of nodes and each node has limited battery
power.

There may be many possible routes available
between two nodes over which data can flow. Assume
that each node generated some mformation and this
information needs to be delivered to a destination node.
Any node in the network can easily transmit their data
packet to a distance node if it has enough battery power.
If any node is far from its neighbour node then large
amount of transmission energy is required to transmit the
data to distance node.

After every transmission, remaiming energy of this
node decreases and some a counts of data transmission
this node will be eliminated from the network because of

empty battery power and in similar situation there will be
a condition that no node 1s available for data transmission
and overall lifetime of network will decreases.

Design goals of Wireless Sensor Networks (WSNs):
Based on the application, different architecture, goals
and constraints have been considered for WSNs. As
discussed by Chiwewe and Hancke (2012), the following
design goals are given.

Energy efficiency: Sensor network is normally deployed
in unattended environment and it 1s distributed in nature.
With few of WSN application cases, its deployment 1s
once and not be able to replace or monitor the nodes
physically on regular basis, especially in the case of
Military battle field and chemical industrial deployment.
As sensor node 1s cost effective and less in size with very
low computational and memory capability power along
with its battery life, sensor node’s life depends upon its
battery. Most of the times as these nodes remain
unattended and normally dramnmng thewr batteries
continuous on regular basis, it is too hard to replace these
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batteries. So, energy is the most important constraint for
the WSN type’s networks. In last decade a significant
amount of research has been done m the field of WSN
and most of the part was focusing about the energy
concern. There are couple of different reasons for energy
loss with the node including, un efficient routing, mixed
traffic, run time change network topelogy, mobility,
deployment of the nodes and distance from the sink.
Dealing with real-time requires all the nodes live and in
contact with the sink if any node from the loop is just died
Just because of energy reason then the complete real-time
commumnication will be dropped. Past recent research
shows more attention on this critical issue and about
designing different energy efficient routing protocols with
different energy efficient mechanism but even it still
requires more significant attention.

Node deployment: Topology or node deployment is also
a one reason to drain node energy of sensor network.
Topology concept 18 entirely different from existing
ad hoc networks with sensor networls it is not possible to
follow any existing standard of topology because this
special characteristic network have
mfrastructure.  Topologies normally  varies
application to application with sensor network but even
each topology is changeable at run time as with sensor
network commection path with sink established several
times (when any active node dies resulting of power
drain) again and again to avoid that up to a certain
limit, densely nodes network deployment is suggested.
In this situation network topology also changes it
status randomly m all situations it affects routing
activities.

very umique
from

Energy consumption without losing accuracy: Sensor
nodes can use up their limited supply of energy
performing computations and transmitting information in
a wireless environment. As such, energy conserving
forms of communication and computation are essential.
Sensor node lifetime shows a strong dependence on the
battery lifetime. In a multihop WSN, each node plays a
dual data The
malfimctiomng of some sensor nodes due to power failure
can cause significant topological changes and might
require rerouting of packets and reorganization of the
network.

role as sender and data router.

Fault tolerance: Fault tolerance can be defined as
the ability of sensor network to sustain network
functionalities in case of any un desired conditions
occurred and may be few nodes not working properly.
Sensor nodes may fail or be blocked due to lack of power

339

have physical damage or environmental interference. The
failure of sensor nodes should not affect the overall task
of the sensor network. This is the reliability or fault
tolerance issue.

Quality of service: In some applications, data should be
delivered within a certain period of time from the moment
it 1s sensed otherwise the data will be useless. Therefore,
bounded latency for data delivery is another condition
for time-constrained applications. However, in many
applications, conservation of energy which 1s directly
related to network lifetime is considered relatively more
important than the quality of data sent. As the energy
gets depleted, the network may be required to reduce
the quality of the results in order to reduce the energy
dissipation in the nodes and hence, lengthen the total
network lifetime. Hence, energy-aware routing protocols
are required to capture this requirement.

Data aggregation/fusion: Data aggregation is the primary
concern with sensor network as the infrastructure,
topology energy source and operations are different than
ad hoc networks. Nodes are normally deployed in densely
way with defimng any proper topology some of the time.
All nodes broadcast the message to its neighboring
nodes for tracing the right path to connect with smk. In
this way, numbers of clusters build during the path
tracing and each cluster trying to connect with sk, this
way connection path becomes more than one to the sink.
Data aggregation is necessary here otherwise there are
chances to send multiple data through multiple path to the
sink and agam it becomes a great source of energy loss.
Data aggregation possibly can be done by using one the
most common techniques like suppression, maxima,
average or mimima. This techmque also called as fusion
technmique which 1s time considering technique through
which all nodes normally wait for a particular time to
receive all the data from their neighbor nodes and then
finally forward it to the sink.

Connectivity: Connectivity with sensor network is
different m nature from wireless ad hoc network, the
reason for it is the dense deployment of sensor nodes
hence a maximum number of neighbor nodes are available
around the node. The second reason is the broadcasting
of messages for attempting the connection imtially mn all
directions. Losing of connectivity is also a common
fashion with sensor network because of power
constraints and that connection losing activity affect
routing activity.

Scalability: Scalability 13 highly required especially in
sensor networks where there 18 no limit for nodes
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deployment. Normally nodes are deployed very densely
method and the number of the nodes goes up to million in
some special cases. Routing protocols should be
designed m effective way that they should work with
scalability with such a huge network.
LITERATURE REVIEW

Frey et al (2008) proposed new multicast
generalization with fast recovery mechanism to achieve
a delivery of multicast message to umprove energy
efficiency and path to the destination messages. The
proposed solution is based on Minimum Spanning Tree
(MST) which requires information only on single hop
neighbors. A message replication occurs when the MST
spanning the current node and the set of destinations has
multiple edges originated at the current node.
Destinations spanned by these edges are grouped
together and for each of these subsets the best neighbor
1s selected as the next hop. This selection 1s based on a
cost over progress metric where the progress is
approximated by subtracting the weight of the MST over
a given neighbor and the subset of destinations to the
weight of the MST over the current node and the subset
of destinations.

Tohansson et al. (2008) proposed a TLocalized
Area-Spanming Tree (LAST) for wireless short-range
sensor networks which comprises of selecting child nodes
and target points. They consider a problem of building a
forwarding tree for multicast and convergecast traffic in
short-range wireless sensor networks. Interference
awareness and energy efficiency are the major design
objectives for WSN protocols in order to maximize the
network lifetime. When creating the tree, the protocol
jointly optimized the energy cost and the interference
unposed by the structure.

Santhi and Venkatachalapathy (2012) explored a
technicue called an ant based multiple cluster tree routing
for 802.15.4 sensor networks. In this approach, a node was
randomly selected among the available nodes as the PAN
coordinator. The PAN coordinator utilized the swarm
intelligence based ant colony optimization technique to
select the nodes within the transmission range for cluster
formation which corresponds to the trees. In order to
achieve the diverse topologies of different trees, a proper
parent is selected based on the link quality index. Further,
each node selects the tree with mimmum cost as the main
routing tree ADAPTable to fault free multimedia traffic.
The QoS based routing was utilized for cluster based multi
tree topology using ant agents.

Khayat (2012) developed a source-specific multicast
protocol for wireless mesh network which has many
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application, in multimedia, radio and TV multicasting and
distance learming. They have used core-based approach
to comstruct Minimum Cost Tree (MCT) among member
nodes and optimized this tree for multiple metrics by
applying ant colony optimization metaphor. In this
research, they have used weighted sum of two network
metric; delay and mumber of non-forwarding node on new
paths to calculate reinforcement value but researchers can
extend these metric to include bandwidth, jitter or even
security metrics.

Tncel et al. (2012) constructed degree-constrained
spanning trees and capacitated minimal spanning trees
significant 1mprovement m scheduling
performance over different deployment densities. They
addressed the fundamental limitations due to interference
and half-duplex transceivers on the nodes and explored
techniques to overcome the same. They found that while
transmission power control helps m reducing the
schedule length, multiple channels are more effective.
They also observed that node-based (RBCA) and
link-based (TFTSS) channel assignment schemes are more
efficient in terms of eliminating interference as compared
to assigning different channels on different branches of
the tree (TMCP).

Ciciriello et al. (2007) proposed a scheme for routing

and show

data effficiently from multiple sources to multiple sinks.
They first study the problem from a theoretical stand
point by mapping it to the multi-commodity network
design problem. This allows them to derive an optimal
solution that albeit based on global knowledge and
therefore impractical, provides us with a theoretical lower
bound to evaluate decentralized solutions against. Then,
researchers propose the own decentralized scheme, based
on a periodic ADAPTation of the message routes aimed
at minimizing the number of networl links exploited. The
resulting protocol is simple and easily implementable on
WSN devices.

Capella et al. (2011) explored a proposed architecture
with a new routing protocol to provide better scalability,
reliability, deployment properties and energy minimization.
They have shown the real feasibility of an ultra-low
long life cluster-based WSN applied to
environments such as heritage monitoring contexts where
it is necessary to guarantee long life and no operator
intervention. Novel node sensors designed for monitoring
wooden masterpieces and historical buildings, in order to
perform an early detection of pests have been presented.
These sensors have shown very satisfactory results in
detection of termites and low power consumption.

Di Francesco ef al. (2011) introduced an ADAPTive
and cross-layer framework for reliable and energy-efficient

energy,
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data collection in WSNs based on the IEEE
802.15.4/7igBee standards. The framework involves an
energy-aware ADAPTation module that captures the
application’s reliability requirements and autonomously
configures the MAC layer based on the network
topology and the traffic conditions in order to minimize
the power consumption. Specifically, researchers propose
a low-complexity distributed algorithm called Adaptive
Access Parameters Tuning (ADAPT) that can effectively
meet the application-specific reliability under a wide range
of operating conditions for both single-hop and multi-hop
networking scenarios.

Watfa et al (Z008) developed a energy efficient
approach to query processing by implementing new
optimization techmques applied to in-network aggregation
to ensure efficiency, competence and effectiveness. They
have showed how aggregate queries are efficiently
executed over wireless sensor networks in a distributed
marner. They have proved that the in-network distributed
approach performed better in terms of energy reduction
and network lifetime than the naive and simple TinyDB
approaches.

Yu et al. (2011) mtroduced the a knowledge-based
mference approach using fuzzy Petri nets which 1s
employed to select cluster heads and then the fuzzy
reagsoning mechanism is used to compute the degree of
reliability n the route sprouting tree from cluster heads to
the base station. Finally, the most reliable route among the
cluster heads can be constructed. The algorithm is not
only balanced the energy load of each node but also
provided the global reliability for the whole network. The
proposed algorithm effectively prolonged the network
lifetime and reduces the energy consumption.

Dong et al. (2011) proposed energy efficient routing
algorithm for WSN. In this algorithm, they have divided
the sensor nodes into several scheduling sets and let
them work alternatively. In this way, the sensors do not
have to be active all the time which saves a lot of energy.

When choosing the next sensor to forward the
mnformation to, they considered both the distance from the
base station to the sensor and its current energy level. So,
the networle power consumption will be distributed among
the sensors. When the network does not have enough
sensors that have sufficient energy to rum, it generates
new scheduling sets automatically.

Sahoo and Acharya (2011) proposed the energy
efficient routing protocol in Wireless Sensor Network
(WSN). Routing 1s a serious 1ssue m WSN due to the use
of computationally-constrained and resource constrained
micro-sensors. Once the sensor nodes are deployed
replacement is not feasible. Hence, energy efficiency 1s a
key design 1ssue to unprove the life span of the network.
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Since, the network consists of low-cost nodes with
limited battery power, it is a challenging task to design an
efficient routing scheme that can offer good performance
1n energy efficiency and long network lifetimes.

De Dieu et al. (201 2) explored a new energy efficient
secure path algorithm for wireless sensor networks to
ensure the secure semsed data m a balanced energy
network backbone. The proposed algorithm overcomes
the limitations caused by the symmetric cryptographic
algorithms for securing data in sensor networks. They
have achieved the authenticity and integrity on the actual
sensed data within the energy efficient infrastructure. The
key contribution is to ensure secure transmission which
results prolonging network lifetime via a suboptimal
energy-efficient and Balancing Routing algorithm.

IMPLEMENTATION OF
PROPOSED ALGORITHM

In the proposed algorithm Efficient Multipath
Routing Tree based Energy Minimization (EMRTEM) in
WSNs, there are 8 steps to achieve the minimal energy
consumption through multipath routing tree. Here
researchers added parent node, route node selection,
finding multipath routing tree for message length queries
and minimizing the average energy consumption. The
alternative recovery approach 1s included in the proposed
algorithm which offers the route redundancy to eluninate
the need for route repair like node and link failure sessions

(Fig. 1).

Step 1: Node which 1s having highest remaining energy 1s
selected as a root node.

Step 2: Root node broadcasts the route contrel and data
messages to neighbor nodes. These messages contain
root ID.

Step 3: Neighbor nodes receive the messages and choose
the parent node as 1its root node.

Step 4: If node k having child nodes which is lesser than
the maximum child nodes (k.child node < n.max child
node), the node k calculates the path energy and
broadcast the message to all neighbors.

Step 5:
If node k sender’s path energy average > parent’s path energy average
THEN
MNode k selects the sender as its new parent with minimum cost tree
ELSE
Node k does not select its parent with minimum cost tree
Minimum cost tree is defined as the tree in which all accumulative
node cost of all nodes between the destination node
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Fig. 1: Process flow of proposed approach

Step 6 (Determination of multipath routing tree): In this
step, researchers are finding the multipath routing tree
for longer message length aggregate queries. Here,
researchers use the concept of minimum spanning tree
approach to find multiple trees. Here, the transmission
range of each sensor 1s 1dentical. Consider the semsor
network G consists of sensor nodes with initial energy
TE at each node. Tt consists of potential mumber of
stages M:

*  Suppose the tree 1s used at stage A, the network
lifetime is T, where: ©,-MDST (G, TE/M)

* Fori-BtoM do, 1,-0 (Imitial duration of stage 1)

* For each veV do (Small child nodes belongs to
Maximum Child nodes) compute the residual energy
AE; (v)

o T2-NMDST (G, IE/M+AE, (v)) where, t* is the
network lifetime developed by degree spanming tree
using NMDST algorithm

e If t,<t% (checking the degree constrained tree will
result in a longer duration of stage 1) then:

T 1
else

T T,
end if
end for

The network life time is delivered by the proposed
algorithm 1s longer than but at least as long as one
delivered by the algorithm for finding the multi routing
tree.

Step 7 (Minimizing the energy consumption): Node
Energy consumption (E,) measures the average energy
dissipated by the node in order to transmit a data packet
from the source to the sink. It 1s calculated as:

M
Z p=1 (ep,lmt -ep, TES )

E.= D
M3 dataN,
Where:
M = The number of nodes
e, mande, .. = The initial energy and residual energy

levels of node p, respectively

D = The number of destination nodes and
data N, is the number of data packets
received by destination q

Let py, gy denotes the coordinates of the access point
in sensor networks and p,, ¢ be the coordinates of the ith
sensor nodes. The distance between the access point and
the 1th sensor node 1s given by:

d, = \f(p,p, ) +(q,-q, )

If F is the set of sensor nodes, the energy consumed
by the active sensor nodes:

E, = Eﬂzdlﬁ

ieh

(Po:Qy) = avg n;}'qﬂ&

Where:
E, = The energy used by its sensor node
E, = The energy needed to transmit one unit of data

The average energy 1s minimized at JE/Gp at p = p,
and dE/Jq at ¢ = q, = 0 where the condition executes at:

max E, — min
124

Step 8 (Alternative route recovery phase): The node k
replaces its old main tree with its altemnative tree m the
multiple routing tree to avoid node and link failures. The
minimum cost and route redundancy is deployed to
elimmate the need for route breakages.
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PERFORMANCE ANALYSIS

Researchers use Network Simulator (NS3) to sirmulate
the proposed algonthm. Network Simulator-3 (NS3) 1s
used in this research for simulation. N'S2 is one of the best
simulation tools available for wireless sensor networks.
Researchers can easily implement the designed protocols
either by using the otcl coding or by writing the C++
Program. In either way, the tool helps to prove the theory
analytically.

In the simulation, 250 mobile nodes move 1n a
1600x1600 m’ region for 60 sec simulation time. All nodes
have the same transmission range of 250 m. The
simulation settings and parameters are summarized in
Table 1.

Performance metrics: Researchers evaluate mainly the
performance according to the following metrics.

End to end delay: The end to end delay 1s averaged over
all surviving data packets from the sources to the
destinations.

Packet delivery ratio: It 15 the ratio of packet received to
packet sent successfully. This metric indicates both the
loss ratio of the routing protocol and the effort required to
receive data. In the ideal scenario the ratio should be
equal to 1. If the ratio falls sigmificantly below the 1deal
ratio, then it could be an mdication of some faults in the
protocol design. However, if the ratio is higher than the
1deal ratio then it 1s an mdication that the sink receives a
data packet more than once. It is not desirable because
reception of duplicate packets consumes the networl’s
valuable resources. The relative number of duplicates
received by the sink is also important because based on
that number the sink can possibly take an appropriate
action to reduce the redundancy.

Throughput: It 15 defined as the munber of packets
recelved successfully. Researchers compare the Proposed

algorithm (EMRTEM) with ADAPT (Mario, 2011) in

Table 1: Simulation settings and parameters of EMRTEM

Parameters Values

No. of nodes 230

Area size 1600x1600
Mac 802.11
Radio range 250 m
Sirmilation time 60 sec
Traffic source CBR

Packet size 512 bytes
Mobility model Random way point
Transmitter amplifier 150 pJ/bit/m?
Package rate 5 pkt sec™!
Protocol AODV
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presence of energy consumption. Figure 2 shows the
results of average residual energy for varying the time
from 10-50. From the results, researchers can see that
EMRTEM scheme has mimmal energy consumption than
the ADAPT scheme. Figure 3 shows the results of
average residual energy for varying the packet interval
from 10-50. From the results, researchers can see that
EMRTEM scheme has mimmal energy consumption than
the ADAPT scheme. Figure 4 presents the network
lifetime comparison for EMRTEM and ADAPT. Tt is
clearly seen that number of epochs consumed by
EMRTEM i1s high compared to ADAPT. Figure 5 presents
the comparison of data delivery ratio. It is clearly shown
that the data delivery ratio of EMRTEM is higher than the
ADAPT scheme. Figure 6 shows the results of time vs.
end to end delay. From the results, researchers can
see that EMRTEM scheme has slightly lower delay

than the ADAPT scheme because of authentication
routines.
1.3 1
—— ADAPT
124 —— EMRTEM

0.9 1

0.8

Energy consumption (J)x10’

0.7

0.6

10 15 20 25 30 35 40 45 5
Time

Fig. 2: Time vs. energy consumption

—— ADAPT
—— EMRTEM

3

0.8+

0.6+

Energy consumption (J)x10

0.4+

10 15 20 25 30 35 40 45 5
Packet interval

Fig. 3: Packet interval vs. energy consumption
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Fig. 5. Throughput vs. data delivery ratio
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CONCLUSION

In WSNs, in this study, researchers have developed
a New Multipath Routing Approach which attamns Tree
Selection Model, Determination of Multipath Routing
Tree and Average Energy Consumption Model to
make a correct balance between network life time,
energy consumption and throughput, route redundancy,
minimum cost to the sensor nodes. In the first phase of
the scheme, Tree Selection Model 15 proposed. In
second phase, construction of multipath routing tree is
implemented. In third phase, average energy consumption
1s minimized. It uses following factors minimum cost, route
redundancy to favour packet forwarding and reduce
the effect of node and link failures by maintaining high
residual energy consumption for each node. Researchers
have demonstrated the node energy consumption of each
node. By simulation results we have shown that the
EMRTEM achieves good throughput, high network
lifetime, low energy consumption, good delivery ratio
while attaining low delay, energy consumption than the
existing schemes ADAPT while varying the number of
nodes, time, throughput and packet interval.
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