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Abstract — Communication in Mobile Ad Hoc
Network (MANET) is accomplished using routing
protocols. These protocols provide an efficient and
reliable path for data sharing. In static environment
where the nodes are stationary these protocols performs
exceptionally well but in an environment having mobile
nodes the performance of these protocols degrade
drastically. To investigate this factor various researchers
developed mobility models using simulation tools such
as QUALNET, NS-2 etc. These models represent the
erratic movement of nodes and give us an idea
regarding their location, velocity and acceleration
change over time. This paper is an effort to study the
effect of mobility models such as Random Way Point,
File and Group Mobility Models on the performance of
routing protocols using QUALNET simulator. The
results show that the choice of mobility models affect
the performance of routing protocol significantly.

Index Terms — Mobility, Routing protocols, Mobility
Models

|. INTRODUCTION

MANET [1-4] is a collection of mobile wireless
nodes that does not require any fixed infrastructure like
base station or centralized authority for its operation.
The nodes in MANET have [5-6] low bandwidth,
limited processing capability and battery power.
Moreover the nodes move randomly and continuously,
which results in variation of topology. Keeping in view
these limitations different researchers have developed
routing protocols for information sharing. The various
routing protocols [7-8] can be classified as follows:

+ Table Driven Routing protocol: These protocols
maintain consistent and up to date information about
the network topology by flooding Hello Request and
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Reply packets. A node which requires a route to a
distant node checks its routing table and sends the
data packets accordingly. These protocols have large
bandwidth, memory requirements making them
more suitable for wired networks.

*0On Demand Routing protocols: The protocol creates

route only when it is required i.e. when a node needs
a route to a distant node it floods route request
packet to its neighboring node. The process of
flooding goes on at each and every node till the
route request packet reaches at the destination node.
These types of protocols are more suitable for ad hoc
network as they do not have large memory and
bandwidth. In comparison to Table Driven routing
protocols the routing delay is quite high since the
routes are created when required

+Hybrid routing protocols: The protocols try to

combine the merits of both the routing strategies i.e.
Table Driven and On Demand scheme. In this
routing strategy the network is divided into small
clusters. The routing scheme used within the cluster
is Table Driven while outside the cluster it is On
Demand.

All the routing protocols perform well when the
nodes are stationary but in an environment having
mobile nodes the performance may degrades
significantly. The mobility also affects the stability of
the network as higher is the mobility more will be the
connection failures resulting in lower throughput and
packet delivery ratio. To incorporate the effect of
mobility, researchers have provided various mobility
models [9-18]. The mobility models lower the
randomness of the mobile nodes by giving an idea
regarding their location, velocity and acceleration
change over time. Various mobility models have been
proposed in literature and they affect the performance of
routing protocol differently. This paper compares the
performance of various routing protocols at application
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layer under the effect of mobility by means of various
mobility models such as Random Way point, file and
group mobility model.

The paper has been organized as follows: Section 2
gives the brief introduction to mobility models used in
simulation process. In section 3 the simulation process
is explained. Section 4 describes the impact of mobility
on various routing protocols. Section 5 provides the
conclusion followed by references.

Il. INTRODUCTION TO MOBILITY MODELS

Various mobility models used in the simulation
process are Random Way Point (RWP), File and Group
Mobility Model.

Random Way Point Mobility Model (RWP): In
this Mobility model, the nodes of the network select
random locations as their destinations and start moving
towards these destinations by selecting velocity from
the predefined range [0, Vmax] and keep on moving. As
the node reaches its destination, it waits for some time
known as pause time and selects new destination. It
repeats the above process as the pause time is over and
keeps on repeating the whole procedure until the
simulation ends as shown in Figure. 1.

Final Location

Initizl Location

Figure. 1 Random Way Point Mobility Model

Group Mobility Model(GM): In this model the
nodes move in the groups. The motion of the group is
defined by the leader of the node and movement of
individual node is defined by any one of the entity
mobility models as Random Way Point, Random Walk
and Random Direction. The QUALNET uses the
random way point mobility model for the group
movement as well as for the individual node movement
as shown in Figure. 2.

File Mobility: The nodes move according to a file
specifying node movement at different simulation times.
The file contains waypoints for each node specifying
node’s next position, time at which the node arrives at
the location and orientation (optionally). The node
moves from one position to the next in a straight line at
a constant speed as shown in Figure. 3.

Copyright © 2012 MECS

(O]
Group 1

O f Groop 2
oo
C:l':'

Figure. 2 Group Mobility Model
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Figure. 3 File Mobility model

I1l. SIMULATION SETUP

A. Snapshots

Figure. 4 Snapshot

Figure. 4 shows the snapshot of the simulation process
carried out in QUALNET simulator.
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B. Simulation Tool Used

The simulation Process is carried out on QUALNET.
The reason for the using the QUALNET is its speed,
scalability, accuracy and portability. The speed of
simulation enables fast results but more importantly
enables real-time network simulation, which supports
hardware, software, and human-in-the-loop simulation.

C. Simulation Setup Parameter

Table | shows the various parameters used in the
simulation process.

TABLE |. SIMULATION SETUP PARAMETERS

Parameter Description
Size of 1500*1500 Sg. Units
Region

Shape of Square
Region
Mobility File Mobility Model
Model Used Random Way Point(RWP)
Group Mobility Model(GM)

Number of

Nodes 40
deployed

Battery Linear

Model

Placement of Random

Nodes
No of 25
Iterations
Energy Mica Motes
Model
Antenna Omni direction
Total Bytes 12288
Sent
Total Packet 24
Sent
Throughput 4274

D. Performance Metric Used

Various performance metric used for the simulation
process are as follows:

Average End-to-End Delay: Defined as the time
taken by a packet to travel across a network from source
to destination node and it includes all possible delays
caused during route discovery, retransmission delays at
the MAC layer, propagation and transfer times.

Throughput: Defined as the average rate of
successful message delivered over a communication
channel.

Average Jitter: Defined as the standard deviation
from true periodicity of an assumed periodic signal in
electronics and telecommunications, often in relation to
a reference clock source.

Packet Delivery Ratio: Defined as the Ratio of Total
Packet Received to the Total Packet Send. If Packet
Delivery Ratio is high then it shows that it can receive
maximum packet.
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IVV. RESULTS AND DISCUSSIONS

A. Impact on On Demand Routing protocols

Average End to End Delay: Figure. 5 shows the
performance of various On Demand routing protocols in
terms of average end to end delay under the effect of
mobility. Following inferences can be made:

*  Location Aided Routing (LAR) routing protocol
is having highest value of end to end delay
followed by Ad-hoc On demand Distance Vector
routing (AODV) and Dynamic Source Routing
(DSR) routing protocols in each of the mobility
models (RWP, File and Group).

*+ LAR is having highest value and DSR is having
least value of end to end delay in case of
Random Way Point Mobility Model.

Average End-to-End Delay vs. Mobility
Model
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Figure. 5 Average End to End Delay Vs Mobility Model

Throughput: Figure. 6 shows the performance of
various routing protocols in terms of throughput under
the effect of mobility. Following inferences can be
made:

*+ In case of RWP mobility model, the value of
throughput is highest for LAR routing protocol
followed by DSR and AODV.

*+ In case of Group Mobility and file mobility
models, DSR protocol is having highest value
of throughput followed by LAR and AODV.

*+  AODV has least value of throughput for all the
mobility models (RWP, GM, and File)

Throughput vs. Mobility Model
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Figure. 6 Throughput Vs Mobility Model
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Average Jitter: Figure. 7 shows the performance of
various routing protocols in terms of Average Jitter
under the effect of mobility. Following inferences can
be made:
*+  The value of average jitter is highest for
AODV routing protocol followed by LAR and
DSR in case of RWP mobility Model,.

*+  DSR is having least value among all the three
routing protocols for Random way point
mobility model (RWP).

Average jitter

0.07

mAODV

Average jitter

HDSR
B AR

RWP GM File

Mobility model

Figure. 7 Average Jitter Vs Mobility Model

Packet Delivery Ratio: Figure. 8 shows the
performance of various routing protocols in terms of
packet delivery ratio under the effect of mobility.
Following inferences can be made:

+  The value of packet delivery ratio is highest for
DSR among three routing protocols for all the
three mobility models (GM, RWP, File).

*  AODV has least value of packet delivery ratio
among all the three protocols for all the
mobility models.

Packet Delivery Ratio vs. Mobility Model
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Figure. 8 Packet delivery Ratio Vs Mobility Model

B. Impact on Table Driven Routing protocols

Average End to End Delay: Figure. 9 shows the
performance of various table-driven routing protocols in
terms average end to end delay under the effect of
mobility. Following inferences can be made:

* The value of average end to end delay is
highest for Fisheye routing protocol among all
e routing protocols for all the three mobility
models.
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+ The value of average end to end delay is
highest for fisheye routing protocol for RWP
mobility model followed by group and file
mobility models.

*+ The STAR routing has least value in
comparison to other routing protocols for all
the three mobility models.

*+ In case of STAR protocol the file mobility
model has the least value of average end to end
delay and is in the increasing order for GM and
RWP.

Average end to end delay vs. Mobility Model
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Figure. 9 Average End to End Delay Vs Mobility Model

Throughput: Figure. 10 shows the performance of
various table-driven routing protocols in terms of
throughput under the effect of mobility. Following
inferences can be made:

+ The value of throughput is highest for
Optimized Link State Routing (OLSR) protocol
followed by Fisheye State Routing (FSR) and
Source Tree Adaptive Routing (STAR)
protocols for all the three mobility models.

+ The OLSR routing protocol has highest value
of throughput in every mobility model. The
values are in decreasing order for RWP, File
and Group Mobility.

Throughput vs. Mobility Model
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Figure. 10 Throughput Vs Mobility Model

Average Jitter: Figure. 11 shows the performance
of various table-driven routing protocols in terms
Average jitter under the effect of mobility. Following
inferences can be made:
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*  The value of Average jitter is highest for FSR
routing protocols followed by OLSR and
STAR.

* OLSR is having highest value of Average jitter
for RWP mobility model followed by File and
Group mobility models.

Average litter vs. Mobility Model
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Figure. 11 Average Jitter Vs Mobility Model

Packet Delivery Ratio: Figure. 12 shows the
performance of various table-driven routing protocols in
terms of Packet Delivery Ratio under the effect of
mobility. Following inferences can be made:

*+ OLSR is having highest value of Packet
delivery ratio in comparison to Fisheye and
STAR respectively for the RWP mobility
model.

*+ For the group and file mobility the packet
delivery ratio is in decreasing order as Fisheye,
OLSR and STAR.

Packet Delivery Ratio vs. Mobility Model
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Figure. 12 Packet delivery Ratio Vs Mobility Model

C. Impact on Hybrid routing protocols

Average End to End Delay: Figure. 13 shows the
performance of various hybrid routing protocols in
terms of average end to end delay under the effect of
mobility. Following inferences can be made:
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Average end to end delay vs. Mobility Model
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Figure. 13 Average End to End Delay Vs Mobility Model

* Zone Routing Protocol (ZRP) routing protocol
is having higher value compared to LandMark
routing protocol (LANMAR).

* The value of average end to end delay is
highest for RWP mobility model for both the
protocols followed by file and group mobility
models.

Throughput: Figure.14 shows the performance of
various hybrid routing protocols in terms of throughput
under the effect of mobility. Following inferences can
be made:

*+ The value of LANMAR is having higher value
of throughput compared to ZRP for all the
three mobility models.

+ For both the protocols the value of throughput
is highest for RWP mobility model followed by
File and group mobility in decreasing order.

Throughput vs. Mobility Model
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Figure. 14 Throughput Vs Mobility Model

Average Jitter: Figure. 15 shows the performance
of various hybrid routing protocols in terms of average
jitter under the effect of mobility. Following inferences
can be made:

* The value of average jitter is higher for ZRP
compared to LANMAR.

* For both the protocols the value of average
jitter is highest for RWP followed by Group
and file mobility model in decreasing order.
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Average Jitter vs. Mobility Model
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Figure. 15 Average Jitter Vs Mobility Model

Packet Delivery Ratio: Figure. 16 shows the
performance of various hybrid routing protocols in
terms of Packet Delivery Ratio under the effect of
mobility. Following inferences can be made:

* The Value of packet delivery ratio is higher for

LANMAR compared to ZRP.

*  For both the protocols RWP mobility model is
having highest value of packet delivery ratio
followed by file and group mobility model in
decreasing order.

Packet Delivery Ratio vs. Mobility Model
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Packet Delivery Ratio

RWP GM File

Mobility Model

Figure. 16 Packet delivery Ratio Vs Mobility Model

D. Overall Inference

Average End-to-End Delay: Figure. 17 shows the
performance of various routing protocols in terms of
average end to end delay under the effect of mobility.
Following inferences can be made:

+ The value of average end to end delay is
highest for On Demand routing protocol
followed by hybrid and Table Driven protocols
in case of RWP mobility model.

+ The value of average end to end delay is
highest for On Demand routing protocol
followed by Table Driven and hybrid routing
protocols for File and group mobility models.
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Figure. 17 Average End to End Delay Vs Mobility Model

Throughput: Figure. 18 shows the performance of
various routing protocols in terms of throughput under
the effect of mobility. Following inferences can be
made:

+  The value of throughput is having highest value
for On Demand routing protocol followed by
Table Driven and Hybrid routing protocols for
all mobility models.

+  The value of throughput is highest for the RWP
mobility model followed by File and group
mobility models.

Throughput vs. Mobility Model
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Figure. 18 Throughput Vs Mobility Model

Average Jitter: Figure. 19 shows the performance of
various routing protocols in terms of average jitter under
the effect of mobility. Following inferences can be
made:

+ The value of average jitter is highest for On
Demand routing protocol followed by Table
Driven and hybrid routing protocols.

+ The value of average jitter is highest for RWP
mobility model followed by File and Group
mobility models.
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Figure. 19 Average Jitter Vs Mobility Model

Figure. 20 shows the

performance of various routing protocols in terms of
Packet delivery Ratio under the effect of mobility.
Following inferences can be made:

*

The value of packet delivery ratio is highest for
On Demand routing protocol followed by
Hybrid and Table Driven routing protocols in
case of RWP mobility model.

The value of Packet delivery ratio is highest for
the group and file mobility for On Demand
routing protocols followed by Table Driven
and Hybrid routing protocols.

Packet Delivery Ratio

0

Packet Delivery Ratio vs. Mobility Model

H Table Driven
m On Demand

Hybrid

RWP GM File

mobility Model

Figure. 20 Packet Delivery Ratio Vs Mobility Model

VI. CONCLUSIONS

Table Il shows the overall comparison of various
routing protocols as Table Driven, On Demand and
Hybrid routing protocols.

*

On Demand routing protocols shows higher
value of Average Jitter followed by Table
Driven and Hybrid routing protocols.

The value of average end to end delay is higher
for On Demand routing protocol followed by
Table Driven and Hybrid routing protocol.

The value of throughput is higher for On
Demand routing protocol followed by Table
Driven and Hybrid routing protocol.

On Demand routing protocols shows highest
value of packet delivery ratio followed by
Table Driven and Hybrid routing protocols.
RWP mobility model has highest value of each
parameter followed by File and Group mobility.

TABLEII. AUTHOR(S) OF TEXT/REFERENCE BOOKS
Parameter Table Driven routing On Demand routing Hybrid routing
RWP File Group RWP File Group RWP File Group
Average Ver Ver
End to End Low Low Low High Medium | Medium | Medium Y Y
Low Low
Delay
Throughput | Medium | Medium | Medium High Medium | Medium | Medium Low Low
Ayerage Low Low Low High Medium | Medium Low Very Very
Jitter Low Low
Packet
Delivery Medium Low Low V_ery Vgry Vgry High Low Low
. High High High
Ratio
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