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ABSTRACT 
Mobile ad hoc networks (MANETs) play a great role in military applications where users share information with each other 
while moving. The movement of people varies depending on the environment, e.g. people may move randomly in different 
directions (Random Way Point); or move as a group (Reference Point Group Mobility model). Due to the presence of mobility 
in the mobile ad hoc network (MANET), the interconnections between nodes are likely to change, resulting in frequent changes 
of network topology. So, routing becomes a vital factor and a major challenge in such a network. TCP is a connection oriented 
transport layer protocol that provides reliable, in-order delivery of data to the TCP receiver. Even though TCP was developed to 
be used in wired network environments still it is needed because it can be used in the current Internet and can be integrated 
with fixed network. So TCP makes interoperability between wired network and wireless ad hoc network.  Due to dynamic nature 
(node mobility) of MANET, TCP   becomes more aggressive in case of packet loss and retransmit a lost packet and unnecessary 
causes an energy loss. Hence, it is of utmost importance to identify the most suitable and efficient mobility model for ad hoc 
routing protocol that can perform well in MANET. In this paper, we examine the performance of routing protocol based on 
packet delivery ratio, routing overhead, packet loss rate and average end to end delay across mobility model and finding 
interaction among them. Result shows that the performance of routing protocol varies with different mobility model used and 
connection pattern. We observe that DSR and AODV achieve the highest throughput and least overhead with RPGM when 
compared to RWP mobility models. 
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1. INTRODUCTION 

A Mobile Ad hoc Network is an autonomous collection of mobile nodes forming a random network and communicating 
over wireless links. This kind of network is more suitable where networking infrastructure is not available and set up 
time is very less and temporary network connectivity is required. In MANET, TCP performance is not as stable as in 
wired networks. Frequent link failures due to mobility degrade TCP performance. Moreover, the role of routing 
protocols among nodes becomes a challenging task because the nodes move independently. A route that is believed to 
be optimal at a given time might not work at all a few moments later.There are many routing protocols available in 
MANET. Among them ad hoc on demand distance vector (AODV) [1] and dynamic source routing (DSR) [2] are 
reactive routing protocols. AODV protocol is standardized by IETF MANET working groups [3]. All of these routing 
protocols work at network layer. Transmission Control Protocol (TCP) [4] is  a connection oriented and reliable  end-
to-end  transport  protocol  that was  designed and  fine-tuned  to perform well on networks where  the end-to-end 
connection  is wired, and  the packet losses  are mainly  due  to  congestion.  TCP  achieves  reliability  by  requiring  
that  the TCP  sender  retransmits  lost  packets.   Although TCP is designed to be used in wired network still it is 
needed in wireless network because it is more popular to be used in current Internet and can be mixed up with wireless 
network.  
 
The behavior of routing protocols depends on the network size, link capacity, connectivity patterns and mobility. The 
movement of nodes and connectivity patterns are always changing, depending on the usage of mobility models and 
consequently, influence the performance of routing protocols, resulting in increased delay and routing load as well as 
decreased throughput. The mobility models play a very essential role because people in a mobile, pervasive computing 
environment move as needed. Under these circumstances, the routing protocols must be able to handle the movement of 
nodes, the pause time period of nodes and various types of traffic load that possibly could influence the overall network 
performance. Objective of our work here is to analyze the interaction between mobility model (random way point and 

Analysing the Interaction between Mobility 
Model and Unipath Routing Protocols in Mobile 

Ad Hoc Networks 
 

Sukant Kishoro Bisoy1, Mohit Ranjan Panda2, Gyanendra Kumar Pallai3, Debapriya Panda4  

 

1 , 2, 4 C.V.Raman College of Engineering, Bhubaneswar, India 
3N.M Institute of Engineering and Technology, Bhubaneswar, India 

 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 6, June 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 6, June 2013 Page 450 
 

reference point group mobility) and unipath routing protocols (AODV and DSR) with TCP as transport protocol. We 
present the result gathered from number of simulations. 
 
The rest of the paper is organized as follows. In section 2 we explain the Routing Protocol in MANET. Section 3 will 
provide overview of mobility model used. Section 4 present the simulation set up and section 5 will explain result and 
analysis. Finally, we conclude our work in section 6. 
  
2.  ROUTING PROTOCOLS IN MANET 
 
Routing is one of the key issues in MANETs due to their highly dynamic and distributed nature. In wired networks 
route failures occur very rarely but in MANETs they are frequent events. The main cause of route failures is node 
mobility. Another factor that may lead to route failures is the link failures due to the contention on the wireless 
channel, which is the main cause of performance degradation in MANETs. The route re-establishment duration after a 
route failure in ad hoc networks depends on the underlying routing protocol, the mobility pattern of mobile nodes, and 
the traffic characteristics. Almost all proposed routing protocols are based on minimum hops in mobile ad hoc network. 
Author in [5] studied the inter layer interaction between MAC and physical layer and demonstrated that even though 
DSR and AODV share a similar behavior, the differences in the protocol mechanics can lead to significant performance 
differentials. Author in [6], evaluated the performance of AODV, DSR and OLSR routing protocols in MANETs under 
CBR traffic with different network conditions. 
Generally routing protocols for ad-hoc networks can be classified in two different classes: pro-active protocols, re-active 
protocols based on how they discover the route. There are several reactive routing protocols available for ad hoc 
netwrok, including AODV and DSR. 
 
2.1 Ad Hoc On- Demand Distance Vector (AODV)  
 
In AODV [1] when a source node desires to send a message to some destination node and does not already have a valid 
route to that destination; it initiates a route discovery process. It broadcasts a route request (RREQ) packet to its 
neighbours, which then forward the request to their neighbours, and so on, until either the destination or an 
intermediate node with new route to the destination is located. Intermediate nodes can reply to the RREQ only if they 
have a route to the destination. Once the RREQ reaches the destination or an intermediate node with a fresh enough 
route, the destination or intermediate node responds by unicasting a route reply (RREP) packet back to the neighbour 
from which it has received the  first RREQ. When a route breakage occurs during data transmission, the intermediate 
node which detected the route breakage try to discover the new route or sends an RERR message towards the source. 
When receiving the RERR message, the source attempts to acquire a new route by performing the same route discovery 
procedure. 
 
2.2 Dynamic Source Routing (DSR) 
 
The key feature of DSR [2] is the use of source routing. That is, the sender knows the complete hop-by-hop route to the 
destination. These routes are stored in a route cache. The data packets carry the source route in the packet header. 
When a node in the ad hoc network attempts to send a data packet to a destination for which it does not already know 
the route, it uses a route discovery process to dynamically determine such a route. Route discovery works by flooding 
the network with route request (RREQ) packets. Each node receiving an RREQ rebroadcasts it, unless it is the 
destination or it has a route to the destination in its route cache. Such a node replies to the RREQ with a route reply 
(RREP) packet that is routed back to the original source. RREQ and RREP packets are also source routed. The RREQ 
builds up the path traversed so far. The RREP routes itself back to the source by traversing this path backwards, the 
route carried back by the RREP packet is cached at the source for future use. If any link on a source route is broken, the 
source node is notified using a route error (RERR) packet. 
 
3.  OVERVIEW OF MOBILITY MODEL 
 
In order to simulate routing protocols for an ad hoc network, it is imperative to use mobility models that depict the 
movement patterns of the nodes. The following are the most useful mobility models in real environments.  
 
Random Waypoint Mobility Model (RWP) [7] has been used to evaluate ad hoc routing protocols because of its 
simplicity and wide availability. The RWP Model includes pause times, minimum speed and maximum speed. A pause 
time is chosen when there is a change in direction and/or speed. A node starts moving from a randomly chosen position 
and stays in one location for a certain period of time (i.e. a pause time). Once this time expires, the node chooses a 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 6, June 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 6, June 2013 Page 451 
 

destination and moves at a randomly chosen speed. This speed is selected from a uniformly distributed speed between 
minimum and maximum speed. Upon arrival at the destination, the above process is started over again. 
 
Reference Point Group Mobility Model (RPGM) [8] is a group model which represents the random movement of a 
group and each node within the group. Group movements of nodes are based on a logical center, which defines the 
group motion behavior including location, speed, acceleration etc. Two vectors, group motion vector and individual 
motion vector, define the movement of each node. Every individual node within the group has a reference point which 
follows the group movement. The group motions are specified with check points. By changing the check points, the 
various moving scenarios are created. A node is randomly placed in the neighborhood of its reference point at each 
step. Whenever the group reaches its destination, all nodes inside the group pause for a specific time, then start moving 
again. 
 
4.  SIMULATION SET UP 
 
We use NS-2[9] simulator to examine how the mobility model interact with ad hoc routing with different node velocity 
and different connections. We use RWP and RPGM as mobility model and AODV and DSR as ad hoc routing protocol 
and TCP as transport layer protocol.We create a random network of size 100 with a specified simulation area 1000m x 
1000m. Each connection stays for 300 sec long. The pause time, speed and parameters used for or simulations are 
shown in table 1. In RWP and RPGM the pause time is set to zero for the continuous movement of nodes and node 
speed is set to either one of the following: 10 m/s(low speed), 20 m/s, 30 m/s and 40 m/s, 50 m/s (high speed). In 
RPGM, when a node moves from one area to other area of another group, it changes to this new group with a 
probability of 0.03, and the maximum distance is equal to 10 m. 
 
Author in [10] studied the ad hoc network performance over four mobility models, where AODV and TCP were used as 
the routing protocol and the transport protocol. They measured a joint analysis of ad hoc network performance at three 
layers, i.e. physical layer, network layer and transport layer, using four mobility models.  
 
 

Table 1: PARAMETER VALUES IN SIMULATION 
PARAMETER VALUES 

 
VALUES 

 
Mobility Model RWP RPGM 

Channel type Wireless channel Wireless channel 

MAC 802.11 802.11 

Routing Protocol AODV and DSR AODV and DSR 

Number of  nodes  100 100 

Pause Time 0 sec 0 sec 

Maximum Node 
Speed 

10, 20, 30, 40 and 50 m/s 10, 20, 30, 40, and 50 m/s 

Packet size  512 bytes  512 bytes 

Packet type FTP FTP 

Number of 
Connections 

5, 10, 15, 20, and 25 5, 10, 15, 20 and 25 

Distribution of nodes -   2 in each group  

Maximum Distance 
to Group centre 

- 10 m 

Probability of group 
change 

- 0.03 

Transmission Range 250 m 250 m 

Topography 1000 X 1000 m2 1000 X 1000 m2 

Time of simulation 300 sec. 300 c. 
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5. RESULTS AND ANALYSIS 
 
In this section, we provide the results obtained from the experiments for different scenarios. The scenarios are varying 
by mobility variation and number of connections. We carry out simulation to evaluate the how the mobility model 
interact with routing protocols according to both variants node speed and different connections. We use TCP as 
transport protocol which is widely used in current Internet. As [11] mentioned that the performance of routing protocol 
may vary dramatically according to the mobility model and performance ranking. Similar work has been done in [12], 
but our mobility model, routing protocol and environment are different. Our result shows that network performace may 
be affected by mobility model and connection patteren. 
 
5.1 Mobility Variation Results 
 
First, we study the effect of mobility on the ad hoc routing protocols with RWP and RPGM in order to verify the 
interaction between the routing protocol and mobility model. Initially packet delivery ratio (PDR) and packet loss rate 
of TCP is measured over AODV and DSR with different node mobility. We found AODV shows slightly better 
performance than DSR over RPGM model (see figure 1). The packet delivery ratio of DSR across RWP model is lower 
than others when the node speed increases. But irrespective of ad hoc routing protocol performance and mobility 
model, PDR decreases with increase of node mobility. Because when node mobility increases the link failure occurs 
more frequently this causes more packet loss and decreases PDR. The reactive routing protocol discovers routes on 
demand which causes the increase of percentage of packet loss with the increase of node speed. While applying TCP 
traffic to the AODV protocol, the percentage of packet loss rate for RPGM model are slightly higher than others, as 
shown in Figure 2. In RPGM mobility model, most nodes do not suffer the effects of the high node velocities because 
all nodes within a group are able to transfer packets. Although the percentage of packet loss rates increases almost 
linearly when AODV routing protocol is utilized in figure 2, the performance improvement (PDR) of AODV is 
encountered with RPGM. In DSR percentage of packet loss rate is less than AODV due to invlovement of route 
chaching technique. In other words AODV and DSR perform differently even though both share similar on-demand 
behaviour.  
 

 
Figure 1  PDR vs Node Mobility 

 

 
Figure 2  Packet Loss Rate vs Node Mobility 

 
Next we measure routing overhead and average end to end delay with different node mobility. Figure 3 shows that DSR 
suffers the worst routing overhead as the node speed increases with RWP model. DSR may have multiple source routes 
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in its route caches that can provide the nodes to provide routes without requesting the route discovery procedure. 
However, this could lead to increased unusable routes when route changes happen more often. Discovering routes after 
the provision of the stale routes in the high node speed increases the routing overhead tremendously. The provision of 
TCP’s acknowledgement scheme makes the performance of DSR worse. With RWP model as shown in figure 4, we 
observe that DSR has higher delay as the node speed increases if compared to others. But delay increase for all with 
increase of node velocity. Although AODV and DSR share on demand behavior of single path routing protocol between 
a source and destination pair, for TCP traffic, DSR suffers a higher delay in RWP model if compared to AODV. 
Becasue AODV has a special timer mechanism to detect route breaks and update fresh enough routes whereas DSR 
does not contain any explicit mechanism to expire stale routes in the cache. The stale routes are later detected by route 
error packets, leading to performance degradation. 
 
 

 
Figure 3  Routing Overhead vs Node Mobility 

 

 
Figure 4  Average End-to-End Delay vs Node Mobility 

 
5.2 Connection Variation Results 
 
In this section we measure the PDR, packet loss ratio, routing overhead and average end to end delay of TCP over 
AODV and DSR by varying nmber of conections from 5 to 25.  In figure 5, DSR with RPGM model can successfully 
deliver data packets than others for 5 to 25 connections because DSR allows nodes to keep multiple source routes to a 
destination in their cache. When a link fails, the source node can check its route cache for another valid route without 
reconstructing the route again. AODV has worse packet delivery performance for TCP traffic in RWP model because it 
uses a timer for route expiration, drops some packets when a route expires, then starts discovering route again. As the 
number of connections increases, the DSR’s source routing mechanism causes the network to be congested, which in 
turn, drives the stale route problem, leading an increased routing overhead(see Figure 6). 
 
In figure 7, AODV with RPGM suffers greater packet loss rates than others, whereas DSR achieves a lower packet loss 
rate while using TCP traffic due to group movements with number of connections tend to cause network congestion 
rather than link failures. The link layer feedback reports congestion as link failures even when the nodes are relatively 
static and a physical link exists between nodes. Such spurious link failures lead to a new route discovery in AODV. As 
shown in figure 8, AODV with RPGM achieves considerably lower delay if compared to others. But delay increses with 
increase number of connection in the network for all. The increased number of connection causes congestion in the 
network and takes more time to travel thrgough. 
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Figure 5  Packet Delivery Ratio vs Number of Connections 

 
 

 
Figure 6  Routing Overhead vs Number of Connections 

 

 
Figure 7  Packet Loss Rate vs Number of Connections 

 

 
Figure 8  Average End-to-End Delay vs Number of Connections 
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6. CONCLUSIONS 
Mobility models clearly shows that the node speed does affect the link conditions of the mobility models, which in turn 
impacts the performance of the routing protocols. In this study, we analyse the impact of mobility pattern on routing 
performance of mobile ad hoc network and interaction between them in a systematic manner. It is observed that the 
mobility pattern influences the performance of MANET routing protocols. There is a very clear interaction between 
mobility metric, connectivity, and performance. As node speed increases, the link stability of the RPGM is the best due 
to its group movmovement pattern. We observe that DSR and AODV achieve the highest throughput and least 
overhead with RPGM when compared to RWP mobility models. This is because with similar relative speed, between 
random waypoint and RPGM, high degree of spatial dependence for RPGM means higher link duration and 
correspondingly higher path duration, which in turn will result in higher throughput and lower routing overhead.  
 
From the simulation results, it is analyzed that AODV has better throughput, less routing overhead and less delay in 
RPGM model when compared to RWP model. For circumstances such as military operation, AODV may emerge as a 
better choice. We point out that the overall performance depends on not only the use of behavior of routing protocols 
but also the movement pattern of mobility model. 
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