Performance Impact of TCP and UDP
on the Mobility Models and Routing
Protocols in MANET
Sunil Kumar Singh, Rajesh Duvvuru and Jyoti Prakash Singh

Abstract The comparison of the performance of User Datagram Protocol (UDP)
and Transmission Control Protocol (TCP) is evaluated from different angles to revise
and analyze the behavior of Ad hoc On-Demand Distance Vector (AODV), Dynamic
Source Routing (DSR), and Destination-Sequenced Distance Vector (DSDV)
routing protocols with Random Waypoint, Reference Point Group, and Manhattan
mobility models. The results are obtained by simulating the network under different
conditions in NS2 to analyze results, which has given the performance metrics, such
as throughput, packet delivery ratio, and end-to-end delay using application traffic
agent and data traffic. Our work indicates that TCP performs well for throughput in
some mobility model and different routing protocols than UDP.
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1 Introduction
A mobile ad hoc network (MANET) [1] is a system of wireless mobile nodes that
can communicate without any wired backbone or a centralized administration. Ad
hoc networks are useful in situations where a fixed network infrastructure is not
S. K. Singh (&)  R. Duvvuru
National Institute of Technology Jamshedpur, Jamshedpur, Jharkhand, India
e-mail: sunilkrsingh.cse@nitjsr.ac.in
R. Duvvuru
e-mail: rajeshduvvuru.cse@nitjsr.ac.in
J. P. Singh
National Institute of Technology, Patna, Bihar, India
e-mail: jps@nitp.ac.in

D. P. Mohapatra and S. Patnaik (eds.), Intelligent Computing, Networking,
and Informatics, Advances in Intelligent Systems and Computing 243,
DOI: 10.1007/978-81-322-1665-0_90,  Springer India 2014

895

896

S. K. Singh et al.

present or it is difficult to build. In these scenarios, we need to set up short-lived
communication network, such as an ad hoc network. MANETs are gaining popularity both in business and in healthcare application. Simulation studies of
mobility models are mainly used to illustrate the dynamic behaviors of mobile
devices in the real world for analyzing and evaluating the performance of ad hoc
network routing protocols under various scenarios [2]. Mobility models play an
important part in the improvement in MANETs. Random Waypoint mobility
model [3] and the Random Walk mobility model [4] are designed to simulate the
movement of each individual; these are referred to as entity mobility models [5].
On the other hand, with the emergence of group-oriented applications, a number of
group mobility models [6] have been recently projected. The applications
requiring group mobility can be found in different scenarios, such as military
operations, searching, and rescue in disaster recovery, visiting an exhibition hall,
and firefighters operating in a building. Mobile nodes can be organized in the unit
of groups for the above applications; later on, they are partitioned into several
subgroups or merged with other groups. Considering various parameters such as
mobility, network load, delay and pause time, several performance evaluations of
MANET routing protocols have been presented using Transmission Control Protocol (TCP) and User Datagram Protocol (UDP). Rathy et al. [7] have analyzed the
Ad hoc On-Demand Distance Vector (AODV) and Dynamic Source Routing
(DSR) routing protocols under Random Waypoint mobility model with UDP and
TCP traffic sources. He concluded that AODV outperforms DSR in high load and/
or high mobility situations. Singh et al. have proposed a performance analysis of
both types of proactive and reactive routing protocols for MANETs [8]. In [8],
authors carried a deep analysis on three important routing protocols, AODV, DSR,
and Destination-Sequenced Distance Vector (DSDV), and mobility models—(1)
Gauss–Markov mobility model, (2) Manhattan Grid mobility model, (3) Random
Waypoint mobility model, and (4) Reference Point Group mobility model. AODV
protocol shows that it can perform well in dense environment but causes occasionally packet losses. In [9], Royer and Toh presented a review over some of
current routing protocols that are used for routing purposes in ad hoc mobile
wireless networks. Biradar et al. [10] investigated the AODV and DSR protocol
using group mobility model with CBR traffic sources. They concluded that AODV
performs better in average delay and high mobility is better in case of DSR for
increased number of groups.
In this paper, we have investigated the performance of AODV and DSR
(reactive) and DSDV (proactive) routing protocol under Random Waypoint,
Manhattan, and group mobility model (RPGM). The purpose of this work is to
understand the working mechanism and investigate that routing protocol gives
better performance in which situation or traffic when different mobility models are
used for node movement.
The rest of the paper is organized as follows. Simulation model setting is
described in Sect. 2. In Sect. 3, the different performance metrics are discussed.
The results are discussed in Sect. 4. The conclusions are discussed in Sect. 5.
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2 Simulation Setup
Network Simulator NS2 [11] has been used to simulate the behavior of a MANET
in our work. The movement of nodes in the group mobility model is generated by
software called Bonnmotion [12]. The parameters of this scenario are summarized
in Table 1. Here, CBR (traffic type) sources are used that started at different times
to get a general view of how routing protocol behaves.
In our simulation, four traffic sources of CBR nature are chosen. In RPGM
mobility, the source destination pair may be in same group or in different group.
The goal of our simulation is to evaluate the performance of different routing
protocols in transport layer protocols (TCP and UDP). The type of traffic (CBR)
and the maximum number of sources are generated by in-built tool of NS2 [11].

3 Performance Metrics
To measure the performance, various performance metrics are defined to decide
that routing protocol is best suitable for a mobility model. The performance
metrics are as follows:
1. Normalized Routing Load: Normalized routing load is defined as the total
number of routing packet transmitted per data packet. It is calculated by
dividing the total number of routing packets sent (includes forwarded routing
packets as well) by the total number of data packets received.
Pk
Routing Packets
NRL ¼ 1 Pn
1 cbrReceived

Table 1 Simulation parameters
Parameters

Value

Routing protocols
Mac layer
Packet size
Terrain size
Number of nodes
Mobility models
Traffic type
Simulation time
Maximum speed
Minimum speed
Transmission range
Transmission protocol

AODV, DSR, DSDV
802.11
512 B
1,000 m 9 1,000 m
20, 50, 100
Random Waypoint, Manhattan Grid, RPGM
FTP/CBR
900 s
20 m/s
5 m/s
500 m
TCP and UDP

898

S. K. Singh et al.

2. Packet Delivery Fraction: The ratio of the data packets delivered to the destinations to those generated by the traffic generator is known as packet delivery
fraction. It can be calculated as
Pm
cbrrecv
PDF% ¼ Pin
 100
1 cbrsent
3. Average End-to-End Delay: Average end-to-end delay includes all possible
delays caused by buffering during route discovery latency, queuing at the
interface queue, retransmission delays at the MAC, and propagation and
transfer times of data packets. It is calculated for each packet id.
D ¼ ðTr  TsÞ
where Tr is receive time, and Ts is sent time.

4 Results and Discussion
The results obtained from simulation are given here in tabular form.
It can be observed from Table 2 and Figs. 1, 2 that TCP outperforms the UDP
in AODV protocol. Clearly, the Random Waypoint has the lowest delay. Among
other models, there is no clear winner. At lower node densities, RPGM has highest
delay; at medium node densities, Random Waypoint is poorest, while at higher
node densities RPGM, Manhattan Grid provides the better results.
It can be observed from Table 3 and Figs. 3, 4 that AODV has best PDR with
UDP in all three mobility models. UDP has shown much better performance with
RPGM model. Manhattan Grid is next better to RPGM. However, at higher node
densities, it approaches to Random Waypoint. Random Waypoint does not provide
a very good PDR, but the variation in PDR with node density is very low in
comparison with RPGM and Manhattan Grid mobility models.
Table 4 summarizes the normalized routing load for UDP and TCP in different
routing protocols. The results are shown in Figs. 5 and 6 for this parameter. The
Table 2 Average end-to-end delay in UDP & TCP
Traffic
Mobility models
Routing protocols
UDP

TCP

Random Waypoint
RPGM
Manhattan
Random Waypoint
RPGM
Manhattan

AODV

DSDV

DSR

Low
Very high
Low
Low
Low
Low

Very
High
Very
Very
High
Very

High
Low
High
Low
Constant
Low

low
high
high
high

Fig. 2 End-to-end delay in
TCP

End to End Delay

Fig. 1 End-to-end delay in
TCP

End to End Delay
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300
200
100
0

End to End Delay in TCP
AODV
DSDV

Random RPGM Manhattan
Way Point
Mobility Models

400

DSR

End to End Delay in UDP

200

AODV

0
Random RPGM Manhattan
Way Point

DSDV
DSR

Mobility Models

Table 3 Packet delivery fraction in UDP and TCP
Traffic
Mobility models
Routing protocols
UDP

TCP

Random Waypoint
RPGM
Manhattan
Random Waypoint
RPGM
Manhattan

Fig. 3 Packet delivery
fraction in UDP

AODV

DSDV

DSR

High
High
High
Low
High
Low

Very low
Very High
Low
Low
High
Low

Very low
High
Low
High
Low
High

PDF

Packet Delivery Fraction in UDP
400
300
200
100
0

AODV
Random RPGM Manhattan
Way Point

DSDV
DSR

Mobility Models

mobility models can be easily arranged in an order from best to worst as follows:
RPGM, Random Waypoint, and Manhattan Grid. It is also observed that routing
load increases with increasing nodes in the network.
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Fig. 4 Packet delivery
fraction in TCP

Packet Delivery Fraction in TCP
PDF

150
100
50
0

AODV
Random RPGM Manhattan
Way Point
Mobility Models

DSDV
DSR

Table 4 Normalized routing overhead in UDP and TCP
Traffic
Mobility models
Routing protocols
UDP

TCP

Random Waypoint
RPGM
Manhattan
Random Waypoint
RPGM
Manhattan

Fig. 5 Normalized routing
load in UDP

AODV

DSDV

DSR

High
High
High
High
High
Low

High
High
High
High
High
Low

Very low
Low
High
High
High
High

NRL

Normalized Routing Load in UDP
150
100
50
0

AODV
DSDV
Random RPGM Manhattan
Way Point
Mobility Models

Fig. 6 Normalized routing
load in TCP

DSR

NRL

Normalized Routing Load in TCP

200
100

AODV

0
Random
Way Point

RPGM Manhattan

DSDV

DSR

Mobility Models

5 Conclusion
The impact of the chosen mobility models and routing protocols on the performance of UDP and TCP of transport layer in MANETs was evaluated and analyzed through simulations. The performance of the protocol was evaluated in terms
of packet delivery ratio, average end-to-end delay, and normalized routing load.
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The results shown that the mobility models have significant impact on the performance of the routing protocols. It is found that TCP, which is widely used in
simulations of MANETs, is not a good candidate for all routing protocols and
mobility models. The RPGM mobility model outperformed the other mobility
models under the simulated scenarios. We also observed that DSDV shows the
lowest end-to-end packet delay in all mobility models for UDP transmission than
AODV and DSR.
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