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ABSTRACT

Mobile ad-hoc network is a collection of wireless mobile hosts
forming a temporary network without the aid of any stand-alone
infrastructure or centralized administration. Mobile ad-hoc
network have the attribute such as wireless connection,
continuously changing topology, distributed operation and ease
of deployment. In this paper we have investigated the
performance of two MANET routing protocol (Proactive and
Reactive) by using Freeway and Random Waypoint mobility
model for mobility of nodes using TCP traffic. Freeway Mobility
model has been generated by IMPORTANT (Impact of Mobility
Patterns on Routing in Ad-hoc NeTwork) tool, whereas Random
Waypoint by inbuilt setdest tool in NS2. A detailed simulation
has been carried out in NS2 with TCP traffic sources and AODV
as reactive and DSDV as proactive routing protocols. The metrics
used for performance analysis are Packet Delivery Fraction,
Average end-to-end Delay, Packet Loss, Routing Overhead,
Normalized Routing Load and throughput. It has been observed
that (proactive routing protocol) DSDV performance is better
than (reactive routing protocol) AODV but at the cost of higher
average end-end delay in both mobility models. Both routing
protocols give optimized result in Random Waypoint mobility
model as compared to Freeway Mobility Model.
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1. INTRODUCTION

Mobile networks can be classified into infrastructure networks
and mobile ad hoc networks (MANET) according to their
dependence on fixed infrastructures [2]. In an infrastructure
mobile network, mobile nodes have wired access points (or base
stations) within their transmission range. In contrast, mobile ad
hoc networks are autonomously self-organized networks without
infrastructure support. In a mobile ad hoc network, nodes move
arbitrarily, therefore the network may experience rapid and
unpredictable topology changes. Routing paths in MANETSs
potentially contain multiple hops, and every node in MANET has
the responsibility to act as a router [4]. Routing in MANET has
been a challenging task ever since the wireless networks came
into existence. The major reason for this is the continues change
in network topology because of high degree of node mobility. A
number of protocols have been developed to accomplish this
task.

IMPORTANT, TCP, Mobility

There are various mobility models such as Random Way Point,
Reference Point Group Mobility Model, Manhattan Mobility
Model, Freeway Mobility Model, Gauss Markov Mobility Model
etc. have been proposed for evaluation [8, 15]. In this paper we
have investigated the performance of reactive (AODV) and
proactive (DSDV) routing protocols for performance comparions
in the scenario of mobility of nodes on a Highway and for

random distribution of nodes in grounds. For this scenario we
have used Freeway mobility model and Random Waypoint
Mobility Model. The purpose of this work is to understand their
working mechanism and investigate that which routing protocol
gives better performance on mobility of nodes for Freeway
Mobility Model and Random Waypoint Mobility Model.

1. Mobility Models
Freeway Mobility Model

This model emulates the motion behavior of mobile nodes on a
freeway [7]. It can be used in exchanging traffic status or tracking
a vehicle on a freeway. Each mobile node is restricted to its lane
on the freeway. The velocity of mobile node is temporally
dependent on its previous velocity. Following is an exemples of
topography showing the movement of nodes for Freeway
Mobility Model with twelve nodes.
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Figure 1: Movement of nodes for Freeway Mobility Model
Important Characteristics: In this model we use maps. There are
several freeways on the map and each freeway has lanes in both
directions. The differences between Random Waypoint and
Freeway are the following:

(1) Each mobile node is restricted to its lane on the freeway.
(2) The velocity of mobile node is temporally dependent on its
previous velocity. Formally,

M(t + 1)‘ - M(t)‘ + random() x ‘a;(t)‘ o

(3) If two mobile nodes on the same freeway lane are within the
Safety Distance (SD), the velocity of the following node cannot
exceed the velocity of preceding node. Formally,

V7,0, Dy, (0 < SD = N (0] <V, 1) o
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if j is ahead of i in its lane.



Due to the above relationships, the Freeway mobility pattern is
expected to have spatial dependence and high temporal
dependence. It also imposes strict geographic restrictions on the
node movement by not allowing a node to change its lane.

Random Waypoint Mobility Model

The Random Waypoint model is most commonly used mobility
model in research community [7, 13]. In the current network
simulator (NS-2) distribution, the implementation of this
mobility model is as follows: at every instant, a node randomly
chooses a destination and moves towards it with a velocity
chosen uniformly randomly from [0, V_max], where V_ max is
the maximum allowable velocity for every mobile node.

After reaching the destination, the node stops for a duration
defined by the 'pause time' parameter. After this duration, it again
chooses a random destination and repeats the whole process
again until the simulation ends

The Random Waypoint model is provided also by the setdest tool
in the standard NS-2.

Figures 2 illustrate examples of a topography showing the
movement of nodes for Random Mobility Model.
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Figure 2: Movement of nodes for Random mobility model

2. DESCRIPTION OF ROUTING
PROTOCOLS

AD-Hoc on Demand Distance Vector (AODV)

The Ad Hoc On-Demand Distance Vector Routing Protocol is a
reactive routing protocol based on DSDV [1, 3, 14]. It was
introduced in 1997. AODV is designed for networks with tens to
thousands of mobile nodes. One feature of AODV is the use of a
destination sequence number for each routing table entry.
Sequence numbers are very important because they ensure loop
freedom and simple to program. Sequence numbers are used by
other nodes to determine the freshness of routing information. If
a node has the choice between 2 routes to a destination, a node is
required to select the one with the greater sequence number.
AODV deals with routing table. Every node has a routing table.
When a node knows a route to the destination, it sends a route
reply to the source node. Route Requests (RREQs), Route
Replies (RREPs) and Route Errors (RERRs) are message types
defined by AODV.

Destination Sequenced Distance Vector (DSDV)

This routing protocol was developed in 1994 by C. Perkins and it
is a proactive distance-vector protocol [4, 9, 15].
Destination-Sequenced Distance-Vector Routing protocol is a
proactive table driven algorithm based on classic Bellman-Ford
routing. In proactive protocols, all nodes learn the network
topology before a forward request comes in. In DSDV protocol
each node maintains routing information for all known
destinations. The routing information is updated periodically.
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Each node maintains a table, which contains information for all
available destinations, the next node to reach the destination,
number of hops to reach the destination and sequence number.
The nodes periodically send this table to all neighbors to
maintain the topology, which adds to the network overhead.
Each entry in the routing table is marked with a sequence number
assigned by the destination node. The sequence numbers enable
the mobile nodes to distinguish stale routes from new ones, there
by avoiding the formation of routing loops.

3. SIMULATION SETUP

We have used Network Simulator (NS-2) in our evaluation.
The NS-2 is a discrete event driven simulator [5, 6] developed at
UC Berkeley. We have used Red Hat Linux environment with
version of the network simulator is NS-2.34. The goal of NS-2 is
to support networking research and education. It is suitable for
designing new protocols, comparing different protocols and
traffic evaluations. It is an object oriented simulation written in
C++, with an OTcl interpreter as a frontend. NS uses two
languages because simulator got to deal with two things: i)
detailed simulation of protocols which require a system
programming language which can efficiently manipulate bytes,
packet headers and implement algorithms, ii) research involving
slightly varying parameters or quickly exploring a number of
scenarios.
The protocols maintain a send buffer of 50 packets. To prevent
buffering of packets indefinitely, packets are dropped if they wait
in the send buffer for more than 30s.The parameter used for
carring out simulation are summarized in the table 1.

Table 1: Simulation Parameters

Parameters Value
Routing Protocols AODV DSDV
MAC Layer 802.11
Packet Size 512 bytes
Terrain Size 1000m * 1000m
Nodes 50
Mobilty Model | o ity Mo
Data Traffic TCP
TCP Source 10
Simulation Time 900 sec.
Maximum Speed 0-60 m/sec (interval of 10)

The movement in the Freeway Mobility model is generated by a
software called Mobility Generator which is based on a frame
work called Important (Impact of Mobility Patterns on Routing
in  Ad-hoc NeTwork, from University of Southern
California)[16,17].In the scenario we have used two highway
with three lane each and having traffic in opposite direction.
The traffic source used is of TCP nature and the maximum
number of sources are 10 which is generated by inbuilt tool of
NS2 [6].

Performance Metrics

RFC2501 [12] describe a number of quantitative metrics that
can be used for evaluating the performance of MANET routing
protocols. We have used the following metrics for evaluating the
performance of various MANET routing Protocols:
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Packet Delivery Ratio

It is the ratio of data packets delivered to the destination to those
generated by the TCP sources. It is calculated by dividing the
number of packet received by destination through the number
packet originated from source.

PDF = (Pr/Ps)*100

Where Pr is total Packet received & Ps is the total Packet sent.
Routing Overhead

It is the total number of control or routing (RTR) packets
generated by routing protocol during the simulation. All packets
sent or forwarded at network layer is consider routing overhead.

Overhead = RTR packets
Normalized Routing Load

Number of routing packets “transmitted” per data packet
“delivered” at destination. Each hop-wise transmission of a
routing is counted as one transmission. It is the sum of all control
packet sent by all node in network to discover and maintain
route.

NRL = Routing Packet/Received Packets
Average End-to-End Delay (second)

This includes all possible delay caused by buffering during route
discovery latency, queuing at the interface queue, retransmission
delay at the MAC, propagation and transfer time. It is defined as
the time taken for a data packet to be transmitted across MANET
from source to destination.

D= (Tr-Ts)

Where Tr is receive Time and Ts is sent Time
Packet Loss

It occurs when one or more packets fail to reach to their
destination.

Packet Loss % = (1-Pr/Ps)*100

Where Pr is total number of Received Packets and Ps is total
number of Sent Packets.

Throughput (packets/second)

It is the rate at which network send or receive data. It is good
channel capacity of network connections and rated in term of bits
or packets per seconds. It is the sum of data rates that are
delivered to all nodes in MANET.

Throughput = Pr/Pf

Where Pr is the total number of Received Packets and Pf is the
total number of Forwarded Packets.

4. RESULT AND DISCUSSION

Packet Delivery ratio:

In Freeway Mobility Model, DSDV deliver almost (97-98.5%)
originated data packets as compared to AODV which deliver
almost (95.5-97.5%) originated data packets as shown in figure
3. Where as in Random Waypoint Mobility Model DSDV deliver
almost (97.5-98.5%) as compared to AODV which deliver (96-
97.5%) originated data packets (fig. 4). It also shows that
initially when the nodes mobility is low the packet delivery ratio
of both protocols is high, but with increases in velocity the PDF
of both protocols decreases gradually as shown in figure 3 and 4.
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In both mobility models proactive routing Protocol gives better
result than reactive routing Protocol. It is also infer that both
Protocol gives optimized result in Random Waypoint Mobility
Model than Freeway Mobility Model.

Routing Overhead:

In both Mobility Models the Routing Overhead of DSDV is low
as compared to AODV routing Protocol as shown in figure 5 and
6. It also shows that AODV has higher overhead than DSDV due
to three main reasons. Firstly, AODV allows local broadcast.
Although the discovery packets are broadcasted only when
necessary, such as establishing a new route, link breakage or
route error, the broadcast instances will often appear for a fast
mobile node. Secondly, AODV allows mobile nodes to respond
to link breakage and changes in network topology in timely
manner.

Freeway Mobility Model
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Figure 5: Routing Overhead vs Speed

Thirdly, AODV is derived form DSDV. It still has similar feature
of proactive routing protocols, when the network topology is
often changed because of the fast mobility of nodes, proactive
protocols must send more messages to maintain a valid routing
table. Routing Overhead is low in Random Waypoint Mobility
Model as compared to Freeway Mobility Model.

Normalized Routing Load:

AODV has higher NRL as compared to DSDV routing Protocol
in both Mobility Model and NRL is increase with speed as
shown in figure 7 and 8. NRL in Freeway Mobility Model is
high as compared to Random Waypoint Mobility Model. It is
due to the restriction of mobility of nodes on lane in Freeway
Mobility Model.

Average end-to-end Delay:
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The average end-end delay of AODV is high than DSDV when
mobility is very low or mobile node is stable. But over all,
average end-end delay of AODV is less than DSDV when
mobility is increased as shown in figure 9 and 10. Freeway
Mobility Model gives low end-end delay as compared to
Random Waypoint Mobility Model because nodes moves only

on highway.
Random Waypoint Mobility Model
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Figure 7: Normalized Routing Load vs Speed
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Figure 8: Normalized Routing Load vs Speed
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Figure 14: Throughput vs Speed

Packet Loss

The packet loss rate of both the routing protocols is degraded
with higher speed due to increase in mobility. The link breakage
frequency gets increased and the droping become more in both
Mobility Model as shown in figure 11 and 12. The packet loss
percentage of DSDV is low as compared to AODV in both
mobility models. The figures also show that packet loss
percentage is low in Random Waypoint Mobility Model than
Freeway Mobility Model.

Throughput:

The figure 13 and 14 revels, that DSDV has higher throughput
than AODV in both mobility models. In large network, nodes
may communicate mostly with physically nearby nodes. If local
communication predominates, path lengths could remain nearly
constant as the mobility increases and so DSDV gives better
throughput than AODV. AODV gives almost constant
throughput at all speed in both mobility model. The throughput
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is high in Freeway Mobility Model as compared to Random
Waypoint Mobility Model.

5. CONCLUSIONS

From figure 3 to 14, it is inferred that proactive routing protocol
DSDV perform better than Reactive routing protocol AODV in
Freeway as well as in Random Waypoint Mobility Model with
TCP traffic source. Proactive routing protocol send periodic
update information so that use higher bandwidth than Reactive
routing protocol AODV. The Average end-end delay of AODV
is less than DSDV when speed is high. Over all, the performance
of proactive routing protocol DSDV is better than reactive
routing protocol AODV at the cost of higher end-end delay. It is
also infer that both routing protocol with Random Waypoint
Mobility Model gives optimized result than Freeway Mobility
Model. Because in Freeway Mobility Model the nodes is
restricted to its lane on highway but in Random Waypoint
Mobility Model nodes can move any direction.
In this paper, only two routing protocol are used and their
performance has been analyzed only under TCP traffic with
maximum 10 number of sources using Freeway and Random
Waypoint Mobility Models. This paper can be enhanced by
analyzing the other MANET routing protocols under different
traffic source with more number of connections using different
mobility models.
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