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Abstract: In wireless sensor networks (WSNs), energy
consumption is crucial. Routing plays a very high role for
energy optimization, as taking less hop numbers usually leads to
a better performance. The main goal of this paper is to provide
a routing algorithm that is simple to understand and implement.
Ant Colony Optimization (ACO) which is inspired from self-
organizing behavior of ants which fall under swarm intelligence.
In this paper we proposed an optimal ACO routing algorithm
for wireless sensor networks (WSN) and Mobile Ad-Hoc
Network (MANETSs). Node deployment algorithm, Route
discovery algorithm and best route algorithm are demonstrated.
A comparison of previous Ant-F and ACO algorithm is made
based on the parameters such as route discovery time, number
of hops, total energy consumption and total power consumption
and which shows that proposed algorithm is better compared to
previous approach.
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I. INTRODUCTION

The increasing demand for wireless mobile
communication, especially in situations where traditional
infrastructure communication networks do not exist or
were destroyed, has encouraged the appearance of the
infrastructure less Mobile Ad hoc Networks commonly
referred to as (WSNSs). WSNSs enable the
communication of mobile (nodes) without the aid of any
physical central point of communication. The nodes in
WSNSs may be mobile devices like: laptops, palmtops
or mobile-phones. WSNSs are multi-hop, self-organized
and decentralized networks. The dynamic nature of
WSNSs provides many challenges that require extensive
research in order to provide a satisfying performance to
their mobile users.

In this paper Swarm intelligence is used which
involves a collective behavior of autonomous agents that
locally interact with each other in a distributed
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environment to solve a given problem [1]. The idea of
Swarm intelligence is to design algorithms inspired by
the collective behavior of insects such as bees, termites,
ants and other animal societies that exist in
decentralized, self-organized systems. These insects live
in a hostile, dynamic environment. They communicate
directly with one another or indirectly through the
environment to accomplish their essential tasks such as
foraging, labor division, nest building or brood sorting.

Figure 1 shows a scenario in which at first the ants
follow two different paths in searching the food while
depositing a substance called “pheromone” on their path.
Other ants are able to smell this pheromone and it
influences the choice of their paths as they tend to follow
stronger pheromone concentrations. The best route
between two choices is chosen by the ants after a while.
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Figure 1: All ants take the shortest path after an initial
searching time.
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Il. METHODOLOGY

The previous ANT-F routing algorithm leads to long
routing path (containing many hops). Since in this
method the path length of the route discovered is very
high this in turn will add up to cumulative power
consumption there by energy consumption is also
increased. To find an optimal path from source to
destination and to achieve better performance compared
to ANT-F an ACO algorithm is proposed [2].

The proposed method algorithm includes the
following modules.

¢ Node deployment

¢ Route discovery process

e Best route selection (node level criteria, network
level criteria)

LA~ NODE DEPLOYMENT

This module is responsible to distribute the nodes in an
environment. It takes number of nodes and distance
between nodes as input and it generates the grid

topology.

LB Route Discovery Process

The route discovery process is responsible for finding
multiple ANT-F routes from source node to destination
node. Route Discovery is based on PRP (Purely ANT-F
Propagation) [1], but it improves the propagation
efficiency by recording the nodes traversed so far. The
sensor node maintains the neighbor list. When source
wants to send shares to the sink, it initializes the TTL to
initial value N and unicasts the share to the random
neighbor. After receiving the share, each neighbor
decrement the TTL. Specifically, Route Discovery adds
a “node-in-route” (NIR) field to the header of each
share. Initially, this field is empty. Starting from the
source node, whenever a node propagates the share to
the next hop, the id of the upstream node (which is the
previous hop) is appended to the NIR field. Nodes
included in NIR are excluded from the ANT-F pick at
the next hop. This Route Discovery guarantees that the
share will be relayed to a different node in each step of
ANT-F propagation, leading to better propagation
efficiency.

The route discovery process used in ACO algorithm
is shown in Figure 2. When the TTL becomes zero, the
final node receiving this share stops the random
propagation of this share and starts routing using Min-
Hop routing. The minimum hop routing algorithm
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shown in Figure 3, picks the intermediate node in such a
way that it is closest to the destination and farthest from

the source node.
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Figure 2: ACO Route Discovery Process
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Figure 3: Min-hop routing algorithm.

I1.C  Best Route Selection Algorithm

This algorithm is responsible for picking the best route
from source node to destination node with respect to
number of hops, delay and energy efficiency [6]. The set
of multiple routes obtained from route discovery process
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are subjected to node level test where the battery power
of individual nodes is determined. If any of the nodes
have their current battery power less than threshold then
the route is completely discarded. From the set of non-
eliminated routes it will find a best route which has
maximum goodness ratio. The following equations are
used for finding the goodness factor.

E(p) =i*v*t, ®

Py Py
t = + 2
P [6*106 54*106] @

E,(p) =280*v™*t, ©)
E,(p)= 240*v*t 4)
E(n,)=E, +E, +E, 5)
E(R;)=h(R;)*E, (6)

DR)-Ydmn) ()

0(R,) = E(R)*D(R,)/ 3 E(R)*DR,) (&)

Where,
i =current of the node

v = voltage of the node

t, = packet transmit time

P, = length of packet header

P, =length of data payload

E, =energy required for transmission
E, =energy required for reception

E, =energy required for hearing
h(R;) = number of hopsinthe route
d(R;) = goodness ratio of the route
D(R;) =end toend delay of route

. RESULTS AND DISCUSSION

The results are obtained using a MATLAB simulator
tool which is licensable software. The simulation results
of all modules are shown below.

LA NODE DEPLOYMENT ALGORITHM

The Node Deployment Algorithm output is shown in
Figure 4, which shows the 64 nodes deployed in 8*8
grid matrix. Each node is numbered between 1 and 64.
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Input:  Number of nodes=64
Distance between nodes=10
Output: Topology Information
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Figure 4: Node Deployment Algorithm Output

I1.B ACO Routing Output

Figure 5 shows the best route among a set of non-
eliminated routes as the goodness ratio of this route
is the maximum.

Input: Source Node=2, Destination Node=45
TTL=4, Coverage Area=30,
Power for Transmission=1w,
Environmental Factor=0.5,
Data Payload= ‘This is ACO Routing’.

Best Route Discovered from Source Node to Destination Node for the Route

¥ Positions of the Nodes

X Positions of the Nodes

Figure 5: Best Route Selected
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IM.C  COMPARISON WITH TIME

The comparison of ANT-F routing with ACO is shown
in the Figure 6. ACO takes less route discovery time as
compared to ANT-F routing.
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Figure 6: Time Comparison

I.D  COMPARISON WITH POWER AND NUMBER
OF HOPS CONSUMED

Figure 7 shows the comparison of ANT-F routing with
ACO algorithm in terms of power consumption. As seen
from figure the ACO algorithm takes less power as
compared to ANT-F. As seen from Figure 8, the ACO
algorithm takes less number of Hops as compared to
ANT-F in finding destination node.
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Figure 7: Power Comparison
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Figure 8: Number of hops consumed

IV. CONCLUSION

In this work, we proposed an Ant Colony Optimization
algorithm to find the best route from source node to
destination node. The various algorithms namely Node
Deployment Algorithm., Route Discovery Algorithm
and Best Route Election Algorithms are discussed. The
previous ANT-F and proposed ACO algorithm are
simulated using MATLAB 7.10.0. A comparison of both
the algorithms is made based on the parameters route
discovery time, number of hops, total energy
consumption and total power consumption. The
proposed algorithm provides advantages over both time,
as well as power as compared to existing ANT-F routing
algorithm.
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