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ABSTRACT: In recent times MANET got a lot of attention due to decentralized, infrastructure less networks. The Ad-
Hoc network has challenging issues, which can be categorized as energy consumption, routing, overheads, limited
bandwidth. Existing basic routing protocols consume considerable amount of energy in the node. To resolve these
problems, many researchers have performed research and recently came up with new class of routing algorithms which
is based on Swarm Intelligence along with basic routing protocols in MANET. The foraging behavior of ants can be
used to obtain the shortest route from the nest to a food source, by deposition of a chemical substance called
pheromone. In our technique, the Ant Colony Optimization method is used to find good paths which will consume less
energy and less hop count. The efficiency of the proposed protocol is more with respect to the AntHocNet. The
protocol is tested and compared under different time intervals.
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I. INTRODUCTION

MANET consists of entirely of wireless nodes, placed together in an ad hoc manner and without the support of a fixed
communication infrastructure. All nodes are mobile, and can enter or leave the network at any time. Data are forwarded
among the nodes of the network in multi-hop fashion. MANET routing algorithms can be classified as proactive,
reactive or hybrid. Proactive algorithms try to maintain up-to-date routes between all pairs of nodes in the network at
all times. The advantage is that routing information is always readily available when data need to be sent, while the
main disadvantage is that the algorithm needs to keep track of all topology changes, which can become slightly difficult
when there is more number of nodes or mobility of node is more. Examples of proactive algorithms are Destination-
Sequence Distance-Vector routing (DSDV) and Optimized Link State Routing (OLSR) [2]. Reactive algorithms only
maintain routing information that is strictly necessary. They set up routes on demand when there is need of a new
communication session start, or when a running communication session falls without a route. This approach is
generally more efficient, but can lead to higher delays as routing information is often not immediately available when
needed. Examples of reactive routing algorithms include Dynamic Source Routing (DSR) and Ad-hoc On-demand
Distance-Vector routing (AODV). And last, hybrid algorithms use both proactive and reactive elements, trying to
combine the best of both worlds [2]. MANET has limitations like low battery power, changing topology, high mobility,
etc.

The work in this paper is divided in two stages. 1) implementation of the ant colony based energy aware routing
protocol 2) comparison of it with existing protocol. The ant colony based energy aware routing protocol is inspired
from AODV and AntHocNet [3] protocols. AntHocNet [3] is hybrid ant colony optimization based routing protocol
which has both reactive and proactive elements. In proposed work, we considered the fundamentally important problem
of energy-aware routing in ad-hoc networks.Paper is organized as follows. Section Il gives the previous work done in
both areas MANET and ant colny optimization (ACO). The detailed explaination of proposed algorithm is given in
Section Ill. Section IV presents experimental results derived through comparison. Finally, Section V presents
conclusion.
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Il. RELATED WORK

A routing protocol is the mechanism by which user traffic is directed and transported through the network from the
source node to the destination node. The core basic routing functionalities for MANETS are path generation, path
selection, data forwarding and path maintenance. Routing mechanism can be affected by different factors like mobility,
energy limitations, etc. so some earlier work done work to improve these limitations is described below.

1.

Ehsan Khosrowshahi-Asl, Majid Noorhosseini and Atieh Saberi Pirouzin proposed SAMP-DSR protocol [4].
The algorithm is developed to address the shortcomings of both ant colony based as well as the traditional
DSR algorithms. Due to the unstable nature of MANETSs memory based search algorithms such as ant based
methods become inefficient and impractical as the network mobility increases. The ant based routing
algorithms suffer from lack of accuracy while incurring extensive memory usage as well as valuable
processing power and bandwidth prices in highly dynamic environments. The proposed ANT based routing
algorithm exploits a dual-modality access. Each node can independently functions in a local mode as well as
in global mode using the information provided by ants. The network topology changes are constantly
monitored. When the rate of topology change gets too high for ants to converge efficiently, a node switches to
local mode to rely less on the information learnt through the ants.

Ahmed M. Abdel-Moniem et. al. proposed the new modified protocol as the Multi-Route AODV Ant routing
algorithm (MRAA) [5]. The MRAA handles events like neighbor connectivity, route establishment request,
route establishment reply, route's expiry, connection loss and local repair. In this protocol a source node can
send data packets to its corresponding destination through one of backup routes pre-established. However
MRAA have weak performance in case of average delays.

C. K. Toh, proposed Conditional max-min battery capacity routing (CMMBCR) [6] which has the goal to
maximize the lifetime of each node and use the battery fairly. The basic idea for CMMBCR is that when all
nodes in some possible routes between a source and a destination have sufficient remaining battery capacity,
then a route with minimum total transmission power among these routes is chosen. The algorithm uses battery
capacity as cost function which is a route selection metric. However, if all routes have nodes with low battery
capacity (i.e., below a threshold), routes, including nodes with the lowest battery capacity should be avoided to
extend the lifetime of these nodes.

S. Chettibi and M. Benmohamed proposed A Multipath Energy-Aware On demand Source Routing Protocol
for Mobile Ad-Hoc Networks named as MEA-DSR [7]. It uses route diversity and information about the
energy levels of batteries for balancing energy consumption between mobile nodes. Due to routes failure,
frequent route discoveries are needed so that broken routes can be re-established. MEA-DSR which is based
on DSR protocol, limits the number of routes to two which are a destination node provides to a source node.
The primary route is chosen on the basis of two factors. First is the residual energy of nodes belonging to the
route and the second is the total transmission power required to transmit data on this route. Limitation of this
technique is it has less packet delivery ratio as compared to basic DSR protocol.

Ant routing algorithm for mobile ad hoc networks (ARAMA), [8] is a proactive routing algorithm proposed by
O. Hosse in and T. Saadawi. The main task of the forward ants in other ACO algorithms for MANETS is to
collect path information. However, in ARAMA, the forward ant takes into account not only the hop count
factor, as most protocols do, but also the links local heuristic along the route such as the node's battery power
and queue delay. ARAMA defines a value called a grade. This value is calculated by each backward ant,
which is a function of the path information stored in the forward ant. At each node, the backward ant updates
the pheromone amount of the node's routing table, using the grade value. The protocol uses the same grade to
update the pheromone value of all links. The authors claim that the route discovery and maintenance
overheads are reduced by controlling the forward ant's generation rate. However, they do not clarify how to
control the generation rate in a dynamic environment.
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In short, the SAMP-DSR protocol exploits a dual-modality access which helps node to function
independently in local and global modes. The CMMBCR algorithm helps nodes wih sufficient battery capacity
to chose a route with minimum transmission power. The MEA-DSR takes advantage of route-diversity and
energy level of batteries for balancing energy consumption between nodes. The ARAMA algorithm controls
the forward ant’s generation rate by defining a value called grade. This reduces the route discovery and
maintenance overhead.

I11. ANT COLONY BASED ENERGY AWARE ROUTING PROTOCOL

A. Motivation

The algorithm has been inspired from an ant colony optimization algorithm that performs better than conventional
protocol. Energy-aware protocols should have an algorithm so that they do not have to waste that much energy in
finding new paths every time. So proposed work try to reduce energy consumption or wastage so to say, through
discovering good paths right from the start. The work in this paper is inspired from AODV and AntHocNet algorithm.
AntHocNet [3] is a hybrid multi-path algorithm designed along the principles of ACO-based routing in ad-hoc
networks. Here the minimum battery energy of the node of the route is considered and the hop-count of the route as
metric for path discovery. A hop count is included as a metric in the algorithm, as the greater the number of hops, the
greater will be the transmission, and the more will be the energy consumption and also the minimum battery remaining
was taken into consideration. The objective of the paper is to reduce energy consumption in the network, maintaining
the shortest path, which reduce dead nodes in the network.

B. Ant Colony Optimization

ACO uses the concept of artificial ants, analogous to the natural ants that behave as packets for ad-hoc networks. A
natural ant, while traveling in search of food, deposits a chemical substance called pheromone for other ants to sense
and follow their path. While “combing” the area in all directions, if any ant reaches the food source (packet to
destination), return ants are created (backward ants), which travel back towards the nest, reinforcing their traversed
path, while going back to confirm that the path was successful. This is the wayusing which the discovery is done to find
best possible paths, which have more ants traveled on it and as a result, more pheromone deposited on it. [1]

C. Proposed scheme
1. The path discovery mechanism is inspired from AntHocNet but functionality is different. When a source node, s,
starts a communication with a destination node, d, and if it does not have routing information for d then, it broadcasts a
reactive forward ant. Due to the initial broadcasting, each neighbor of s receives a replica.
2. On receiving any route request, for all routes in S of node, check if the route traveled by the request has previously
been used or not. If the route is a subset or the hop count is less than 1.5 times of existing one in the seen set, add route
in seen set S and rebroadcast it, else discard it. By this way bad paths are removed.
3. On the arrival of the first reactive forward ant to the destination, calculate the end-to-end delay for this first ant. The
destination node will wait for time interval T,, for the rest of the reactive forward ants to come. [1]

Tw: CW* Td
Where, C,, is an integer factor and T4 represents the end-to-end delay for the first received ant.
4. All the ants that came in this time are converted to backward ants as soon as they arrive and they travel back to the
source retracing. While moving backwards towards source node, each backward ant updates or makes an entry into the
table of node i about pheromone, which equals the inverse of the number of hops (H) multiplied by the minimum
residual battery energy of all the nodes traveled up to the current node by the current backward ant (MBR):

Ti MBR

nd = H

5. Also threshold for hop count is added.
6. The data packets are sent through the host will choose the next node from the set of neighbours Nj4 using probability
condition Ppg.
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B is a value from the set of integer values.
7. The traversal of each data packet increases the pheromone values of each link by a factor m.

T nd =

i P
(Tha)

e —"
>_(Ty)

Tln,dx(1+n)

8. The other nodes evaporate the pheromone deposits, for a more frequent selection of better paths. For every t time
period, the node will evaporate the pheromone value, T' 4, automatically using evaporation rate p.
T nd = T nd X (1 —p)
9. When a link fails, route error message will be sent to the source and route discovery mechanism will be initiated.

IVV.EXPERIMENTAL RESULTS

Performance analysis is done out in LINUX (Fedora 13) using Network Simulator tool NS-2.34. NS-2 is written in
C++ and TCL. NS-2 includes a network animator called nam animator which provides visual view of the simulation.
NS-2 preprocessing provides traffic and topology generation and post processing provide simple trace analysis. AWK
programming is used for trace file analysis Performance parameters used to measure and evaluate the effectiveness of
the proposed algorithm are as follows:

1. Number of dead nodes.
2. Total energy consumed.

3. Number of packets delivered.
The following parameters were set for the simulations performed:

TABLE 1: SIMULATION PARAMETERS

1 Channel Wireless

2 Simulation time 200

3 Terrain area 1000 m X 1000 m
4 Number of nodes 50

5 Node placement Uniform/random
6 Traffic model CBR

7 Interface queue Queue/Drop tail
8 Protocol EAAR, ANTHOCNET
9 Mac-Protocol. IEEE 802.11
10 Packet Size 512 Bytes

11 Initial Energy 1J

Fig. 1 shows the Network Animator which is the output of the tcl file of proposed algorithm. The nam program reads
an input file (containing the packet transmission events) and draw the network events graphically. Network Animator
shows the node placemement, no. of nodes in the topology, etc.
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Fig. 1 Network Animator Output

As shown in table 2, it is seen that no. of dead nodes are decreased in EAAR. The total no. of nodes considered in
scenario is 50. It is seen that no. of dead nodes are decreased in EAAR due to the existence of multi-path routing and
energy awareness in EAAR at each time interval whereas AntHocNet does not have energy awareness.

TABLE 2: NO. OF DEAD NODES

Interval AntHocNet EAAR
0.05 7 2
0.06 12 4
0.07 11 8
0.08 11 8
0.09 8 5

The graphical representation of above table is shown in fig. 2 below.
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Fig. 2: Interval vs. No. of Dead Node
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Table 3 shows the total energy consumed in network at different time intervals. As shown in the table, EAAR
algorithm performs better than AntHocNet. Initial energy given to the node is 1J and no. of nodes in the network are 50.

TABLE 3: TOTAL ENERGY CONSUMED

Interval AntHocNet EAAR
0.05 0.00092493 0.000591039
0.06 0.00097891 0.000878989
0.07 0.00093828 0.000891012
0.08 0.00092742 0.00084100
0.09 0.00095370 0.000823635

The graphical representation of above table is shown in fig. 3 below.
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Fig. 3: Interval vs.Total Energy consumed

Table 4 shows the tabular results of no. of packets delivered and no. of packets sends for AntHocNet and EAAR. It is
seen in table that packets delivered at same time interval for EAAR protocol are more than AntHocNet protocol. So the

efficiency of EAAR is increased.
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TABLE 4: NO. OF PACKETS DELIVERED

AntHocNet EAAR
Interval No. of No. of Packets ;ee}(i:\l,(:rt No. of No. of Packets DPea:ic\I/(:rt
Packets Send Delivered IVery Packets Send Delivered IVery
Ratio % Ratio %
0.05 592 560 94.5 626 624 99.6
0.08 595 585 98.3 619 617 99.6
0.09 586 582 99.3 613 610 99.5
The graphical representation of above table is shown in fig. 4 below.
- T graph o mE])
o ey | Interval vs No_of_pkts_deliverd

pkts_deliverd

pkis_delverd_EAAR
pkts_deliverd_ANTHOCMET

800.0000
7a0.0000- k
Z00.0000-

650.0000

600.0000-

550.0000

500.0000

450.0000-

Na of Interval x 103

snnnnn R nnnn Fnnnnn |nnnnn [nnnnn

Fig. 4: Interval vs. No. of Packets Delivered

V. CONCLUSION

The results show that EAAR is better compared to, AntHocNet in most of the mobility and energy conservation
scenarios. The superior energy conservation feature of EAAR, in turn, helps in extending the life of the nodes, which
further helps in increasing the lifetime of the network. Thus, the performance metrics prove that the EAAR protocol is
effective compared to the AntHoc Net.
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