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ABSTRACT

Computational topology and routing are the major area where
energy is needed to activate a number of functions integrated
in wireless sensor network. In this research, reducing energy
consumption and increasing energy efficiency (EE) are the
main aims when specific algorithm of routing protocol and
topology are employed in WSN. In order to solve the main
points through this research, we studied the novelties of the
routing protocols based on ant colony optimization (ACO). In
these studies, accurate distance between the sensor nodes
based on the specific topology is also analyzed. From these
approaches EE can be enhanced in future WSNs which have
either 2D or 3D topologies.

General Terms

Computational topology (CT) and routing are considered as
my general terms. Throughout this research, EE analysis is
considered with CT and routing.

Keywords
Energy aware algorithms, EE, topologies, CT, routing
protocols, ACO, WSN

1. INTRODUCTION

Energy analysis of WSNs is a popular topic in current
wireless technology. Topologies are varied with applications
such as environmental monitoring, under water protections
etc. Improvements in the EE with CT should be analyzed
because wireless devices between the source and destination
are still consuming high power. WSNs usually contain
thousands of network devices that hold a lot of sensors, which
are randomly and widely deployed [3]. Once deployed, these
sensor nodes are usually inaccessible to the user, thus
replacement of the energy resource is not good option.
Therefore, EE in the wireless network is the main design issue
that needs to be considered with routing protocols which help
to improve the life time and power consumption of the entire
network.

Regarding the energy algorithms, investigations and analysis,
the design of general or specific media access control (MAC)
and routing protocols for WSNs has been considered in a
number of publications. However, only a few have been
concerned with design parameter such as energy optimization
of packet size, congestions, link quality, delivery time etc.
Single hop known as point to point communication topology
is mentioned in many applications which need reasonable
energy [15][17]. But maximizing the throughput with packet
size optimization in this topology is also addressed when EE
is improved in WSN using enhanced routing protocols.

Topologies and CT are key terms for maintaining and
analyzing WSNs in real applications. Here, topologies of 2D
and 3D WSNs and considered for EE analysis, which depends

on the inference capability of routing topology designed for
routing improvement, CT, effective WSN management etc
[19]. In the CT approach, novel geometrical methods are
considered to solve the various architectures of the WSN
applications. Both topology control and routing problems are
used for enhancing EE, guaranteeing the packet delivery and
optimizing the distances.

Routing protocols need special attention when they are
designed for specific WSN applications they are such as
simplicity, EE and scalability [3]. EE can be enhanced
without increasing complexity which depends on the
optimization of routing protocols and optimum design of
WSN. Increasing complexity and CT needs more power,
hence nodes which are basically routers in WSN behavior and
properties should be considered with routing protocols that
minimize the energy consumption and CT. There are many
type routers and routing protocols used in which WSN is
being activated with different topology designed for fixed and
mobile applications. In this research, ACO is modified with a
combination of energy, congestion and link quality.

In the research field of WSNSs, reduction in energy
consumption of CT so that the lifetime of WSNs can be
prolonged is one of the hottest spots. A salient feature of
WSN powered by battery or solar is its extremely constrained
source of energy supplied by batteries coming with sensor
nodes, because sensor nodes are typically small and thus use
tiny batteries [9][13]. The lifetime of WSN is defined as the
time for the first node or a certain percentage of network
nodes to run out of power [1][16]. The basic operation in
sensor network is the systematic gathering of sensory data to
be eventually delivered to the base station or sink node. Since
the sensor nodes consume a lot of energy, communication
between the base station and the sensors must be carried out
in an energy-efficient manner [14].

The remainder of the research paper is organized as follows.
we have briefly described the related works of energy efficient
concepts based on routing and CT in Section 2. Proposed
protocol is explained in Section 3. In addition to this,
definition and modifications of ACO also considered. In
Section 4, flowchart of the algorithm and necessary equations
for energy consumption in both transmitter and receiver are
explained. Performance results and analysis are described in
Section 5 for the EE improvement in selected WSN, where we
vary the network size, topology, and the deployment area.
Section 6 concludes the paper.

2. RELATED WORKS

There are many publications delivered to develop EE
algorithms and protocols in WSNs which are applicable in
specific and multi mode developments [5][7]. Here, routing
concepts based on CT, EE algorithms, etc, are briefly outlined
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for our research which looks for some enhancement in EE
through the design of routing protocols.

Basically, there are three categories of routing protocols
proposed in previous articles they are proactive, reactive, and
the combination of these two [18].

2.1 Energy consumption

Minimum energy consumption with low-cost technology is
the ultimate target in all cases of WSN. In real applications,
nodes of the WSN are in 3D architecture which has active and
non-active sensors located in nodes. As given in (1), distance
between the sensor nodes should be calculated accurately
according to 3D and CT concepts.

d=f(xy.2) M)

Here, X, y and z are the co-ordinates of x-y points on
horizontal planes and vertical point respectively.

2.2 Computational topology

There are many topologies employed in different applications
of WSN. In all WSN architecture, CT is analyzed for many
reasons they are such as reducing the complexity, increasing
data rate, optimizing EE, etc. In this research, we have
analyzed the EE through the CT and routing strategies, which
depend on the energy-efficient routing protocols. In order to
explain about CT, figure 1 can be illustrated for 3D WSN.

3D WSN Topology

Fig 1: Topology and routing design for 3D WSN

Further, necessary calculations of CT are obtained from the
number of sensor nodes located in the architecture of WSN.
As shown in figure 1, sensor nodes are deployed within three
dimensional invisible box which covers 16 square km area
and 0.8km high or deep. As shown in the tablel, following
analysis can be used for future developments

Table 1. Comparisons of WSN architectures

Architecture EE Complexity CT
2D 90% accurate O(N?) low
3D 98% accurate O(N3) high

Simple example as shown in figure 1 is used for comparisons
of two architectures and N is the size of array used in them.

2.3 Routing strategy
In this section, EE is considered with routing concepts which
mean that the design of the routing, software, firmware and
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hardware architectures and optimization of routing complexity
are very important points applied in the CT and development
processing. If a router is designed with above mentioned
points, EE can be achieved but commercial products of
current router expect many features which take a lot of power.
So, EE can be achieved not only the efficient routing concept
and CT but also it depends on the customers' demand that they
need more features. Even if efficient routing protocols are
employed in the WSNs, more features need more power.

2.3.1 Energy-efficient routing protocols

As energy-efficient schemes, Equalized Cluster Head Election
Routing Protocol (ECHERP), Energy Efficient and Load
Balancing Routing can be used in WSNSs. Ring-based Energy
Aware Routing (REAR) protocol can also be used in WSNs
because it can achieve both energy balancing and EE for all
sensor nodes through CT. Ad-hoc On-demand Distance
Vector Routing (AODV) which is a reactive routing protocol,
Destination-Sequenced Distance Vector (DSDV) routing
which is a proactive [18] routing protocol and Low-Energy
Adaptive Clustering Hierarchy (LEACH). The above
mentioned algorithms and their CT concepts are different
because same topology is approached with different routing
protocols. Geographic Routing with Environmental Energy
Supply (GREES) is an algorithm that makes routing decisions
combining geographic and energy efficient through CT and
routing techniques.

2.3.2 Energy saving with ACO

The optimized routing protocols depend on the CT which
allows us to construct the energy saving protocols based on
ACO they are such as EEABR (Energy-efficient ant based
routing), ACORC (ant colony optimization router chip), etc.
The ACO concept for getting the shortest path [4] between the
source and destination can be improved through efficient CT
techniques. ACO algorithm is a technique for solving the
computational problems which can be reduced by finding
good paths thorough graphs. There are various applications
where ACO is used like finding the optimal path in Travelling
Salesman Problem, Network Model Problem, Quadratic
Assignment Problem and Vehicle Routing Problem [10][11].

3. PROPOSED ROUTING PROTOCOL

The proposed protocol based on ACO consists of 4 main
steps. Firstly the user defines the number of nodes and the
destination node in a WSN. Secondly the nodes in the
network will be deployed as per the topology defined by the
user. Thirdly the algorithm consists of various functions like
nodes, final sender, final receiver, transmission, reception and
path. Nodes tell us how many nodes have their radio “On”.
Final sender decides the nodes which act as final sender. Final
receiver is decided based on the shortest path among active
nodes. Except final sender and final receiver all other nodes
radio are off to prevent energy wastage. After the final sender
and final receiver decision have been made, data transmission
takes place. Next is to check whether data is transmitted
successfully or not and if not it would be transmitted for a
specific number of times. The last step is to get the traversed
path from source to destination (sink node).

3.1 Definitions and assumptions
In EE analysis, following definitions can be obtained with
necessary assumptions.

EE is proportional to distance between the active nodes used
in either 2D or 3D WSN.
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EE is proportional to distance between the base station and
average location which is a mean distance of 2D and 3D
WSN.

Assumption: Average distance of the sensor nodes is
considered throughout of this research.

3.2 Energy based ACO

The energy (E) of the node depends on the power resource
[12] such as battery, transmission during the route formation
etc. In 3D WSNSs, nodes are deployed in many directions but
in order to calculate the energy between the two nodes, same
(2) can be used. If more than two nodes are used closely,
mean energy should be calculated.

E= (Emax - Etot )/ Emax (2)

Where E;,; and E,,,,, are the total energy of processing and
the maximum energy available to the node.

3.3 Congestion based ACO

Furthermore, because of ACO, ADHOP can handle problems
in dynamic network topologies [6][8] to avoid congestion,
broken routes, and improve the discovery and maintenance of
routes. As in (3), congestion mainly depends on the delay (

Dde ), that affects the energy during the packet delivery.

Dy, = dproc + dprop + dqueue + dirans ®)

Here dpyoc s Qprop » Aqueve » ANd dprgns  are  processing,
propagation queuing, and transmission respectively.

3.4 Link based ACO

The link quality ( L) which depends on the routing over best
available path influenced with the quality of the radio channel
affect the delivery of the packet during the transmission.

L= (Lmax -» LN)/ Linax -p (4)

In (4), Lmqx —p and Ly are maximum link power and noise
power involved in the link.

3.5 ACO based on ECL

Our proposed protocols (ECL-ACO) can be described using
above (section 3.2, 3.3 and 3.4) mentioned concepts. To
design this protocol, routing metrics such as energy (E),
congestion (C) and link (L) can be combined with ACO.
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4. DESIGN AND IMPLEMENTATIONS

Define Number of Nodes and
destination Node. Nodes are
deployed in the network using
Ring Topology

Initialize node properties

Get the sender. Receiver is
obtained by shortest path
whose radio is ‘ON’.

Y

Data is transmitted for
specific number of times.

\ 4

Successful
transmission

Sender and receiver are
updated in path file.

Y

Now Receiver becomes sender.

Update the path file until the receiver
is same node as specified by user.

\ 4
Get the complete path from source
to destination from path file

End

Fig 2: Flowchart of proposed research
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As shown in figure 2, flowchart of the modified ACO is
designed. In ECL-ACO approach, same procedure can be
used as in the flowchart. Following block diagram is
representing the transmitting and receiving nodes of either 2D
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or 3D WSN. Although energy calculations depend on the
individual node and link quality which influences with
environmental conditions, ECL-ACO routing protocol plays
an important role with distance (PQ=d) as shown in figure 3.
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Fig 3: Necessary steps for total energy calculation

In figure 3, energy consumption is obtained from (5) and (6)
when m-bit packet which holds the data between the two
wireless sensor nodes. In following energy calculations, d is
the actual distance between the nodes.

E.,(md)=€Em+E,m (5)

Where Etx (m, d) is the transmitter energy consumption,

and E,, (m, d) considered with electronic circuits and
decoding is the receiver energy consumption given below.

E..,(md)=Em+Em (6)

The electronic circuits employed in both transmitter and
receiver, consume energy Ee in each case. In the transmitter

node, Sa is the circuits of amplifier energy which needs to be
set with distance. To calculate the transmission energy in each
node, following conditions (7) can be used in (5)

O]

€a

B {eb x d?,when d <d,
~ le, x d*, when d > d,

where d is a threshold value. If the distance d is less than

do, the free-space which is noise free propagation model can
be applied. Otherwise, model is considered with multipath and
fading channels which need more energy during the

transmission [3]. Energy parameters €, and & are influenced
to adjust the amplifier energy with distance. According to the
literature review [3], the &y is set as 10 pJ/bit/m? and &, is set
as 0.0013 pJ/bit/m4 in this research. When many nodes are

allocated in the WSNs, average distance as in (8) is calculated
to determine the total energy.

. Z? a;
Average distance of nodes d, = d = = 8

In (8), n is the total number of nodes and is the @, i node in
the WSN.

5. RESULTS AND ANALYSIS

Here, 2D and 3D WSNs are considered with less complex
topology and energy-efficient routing protocols. Using
Matlab, proposed ACO is simulated and compared with
conventional ACO. In figure 5, total energy is considered with
sensing period, which allows us to calculate the EE. Within
the selected time, proposed and minimum energy can be
obtained.

Energy with ACO routing algorithm
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Fig 4: Comparisons of total energy
EE (En)can be defined as in (9) with minimum energy Emin

used in WSN and selected scheme E,; involved with
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specific design and routing protocol.
En = Emin /Esel )

Here, selected scheme is considered as a proposed method,
which is simulated for measuring the used energy in
transmitter and receiver of WSN. Following figures 5 and 6
are simulated using flowchart given in figure 2.
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Fig 5: Comparisons of used energy for transmitter

As shown in figures 5 and 6, energy difference between the
transmitter and receiver is very small because selected
topology had less complexity. It means CT is very small
because path selection using proposed algorithm is very
efficient.

Energy for Existing and Proposed algorithm
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Fig 6: Comparisons of used energy for receiver

Using above simulations, EE can be calculated using (9)
where minimum energy from existing scheme and selected
energy from proposed scheme should be used. Both cases,
fixed time and same topology must be considered.

6. CONCLUSIONS

The topology of existing WSN and three dimensional WSN
have been studied for EE analysis. In this research, specific
topology is used in energy efficient framework designed using
with routers and routing protocols.

In this article, we analyzed the EE using existing and
proposed routing protocol which is an enhanced version of
AOC used in WSN. The proposed protocol based on specific
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algorithm (ECL-AOC) is designed successfully with energy
concepts.

From the initial results, proposed research has achieved better
energy performance in both transmitter and receiver nodes of
the WSN. Using these improvements, EE can be obtained.

In future work, external environments, traffic (congestion)
problems with different types of delays used during the
processing and link establishments will be considered for
other topologies and routing algorithms.
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