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Abstract 

We develop a detailed approach to study how different scenarios of paths obtained using   mobility by RPGM model impacts the 
performance of MANET through different parameters. In particular we examine how the statistics of path durations including 
PDFs vary with the parameters such as the node density, number of connections, duration, node mobility, pause time & rate. We 
find that at low packet drop rate the throughput increases directing it to optimal solution for desired routing path. The Reference 
Point Group Mobility Model (RPGM) is a generic method for handling group mobility that corresponds to high data packet 
delivery ratio & requires a least amount of overhead. All scenarios of mobile nodes created by RPGM model are studied well & 
investigated using NS WIRELESS ANALYSER. The problem of finding the optimal path in MANET is a well-known problem 
due to the mobility of its nodes. Optimal routing is associated with the total cost reduction of a path. The main goal of this work 
is to consider the problem of path optimization between the sender and receiver in a dynamic network. 

 

1. Introduction 

A mobile ad hoc network (MANET) [1] [2][3] consists of a collection of wireless mobile nodes that are 
capable of communicating with each other. The mobile hosts are free to move around, thus changing the network 
topology dynamically. Thus routing protocols for MANET should be adaptive and able to maintain routes in spite of 
changing the network connectivity. Such networks are very useful in military and other tactical applications such as 
emergency rescue or exploration missions, where static cellular phone infrastructure is unavailable or unreliable. 
Commercial applications are also likely where there is a need for ubiquitous communication services without the 
present or use of a fixed network infrastructure. A Mobile Ad-Hoc Network is the collection of wireless nodes that 
does not depends on any infrastructure. Therefore MANET is a “spontaneous network “that automatically 
“emerges” when nodes gather together. Each node in a MANET can perform as a router. Nodes in the MANET can 
communicate with other all nodes within their radio range or can use intermediates nodes to communicate with the 
nodes that are not present in their radio range. MANET is characterized by dynamic topology, use unidirectional 
links, constrained resources and network partitions. The main two attributes are mobility and multihop 
communication between the nodes. One tries to find the route which has lower cost in comparison to other routes in 
the network.  
 

 Mobile Ad hoc Networks (MANETs) are dynamic networks populated by mobile devices, or mobile nodes 
(MNs).The Mobile Nodes (MNs) are free to move anywhere and at any time. The primary motivation for such 
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networks is increased flexibility and mobility. Random node mobility along with various other factors such as 
network size and traffic intensity may be very dynamic, resulting in unpredictable variations in the overall network 
performance. 
 

2. Literature Survey 

Extensive research with simulations has been carried out on the performance of MANET routing protocols 
using a mobility model. The most popular model has been the Random Waypoint mobility model [4] [5]. However 
this work seeks to provide an evaluation of existing MANET protocols over RPGM providing a critical evaluation 
of their respective performances. Because of the inherent characteristic of spatial dependency between nodes, the 
RPGM model is expected to behave differently from the RWP model. We find that RPGM incurs less link breakage 
and achieves a better performance for various routing protocols than RWP model. This model provides the best 
performance at high node density as compared to the performance of evaluation done with random waypoint model. 
In this work we have also considered the performance evaluation with throughput & end to end delay which 
measures it at high quality as compared to the evaluation done at Random waypoint model.  

Various research methodologies employed in this area involve the performance comparison of existing MANET 
protocols which are Distance-Sequenced Distance-Vector (DSDV), Temporally-Ordered Routing Algorithm 
(TORA) but we have used DSR protocol to approach the best performance with higher throughput & less delay with 
other performance matrices which is not used in the previous research done cited [6]. By studying path shifts in 
CBR traffic & delay introduced by any node in path followed. We can find the node which is causing delay. So the 
work we have done is entirely based on Quality parameters & performance matrices as compared to other research. 

3. Proposed Model 

The primary goal of a MANET routing protocol is to establish a correct and efficient route between a pair of two 
hosts for delivering message in a timely manner. This is done by presenting a novel technique for optimizing the 
efficiency of route discovery. The optimization aims to minimize the number of cached route request (RREQ), 
which is a significant source of overhead for the dynamic source routing (DSR) [7] protocol. 
 

An ad hoc network is a collection of wireless mobile hosts forming a temporary network without the aid of any 
centralized administration or standard support services. The topology of the ad hoc network may change rapidly and 
unexpectedly. One of the most problems encountered in these networks, is finding the shortest path (SP) between 
source and destination nodes within a specified time so as to satisfy the Quality of Service (QoS).  
 

Our proposed algorithm can significantly reduce the average end-to-end delay. Furthermore Simulation results 
show that the packet delivery ratio increases when proposed algorithm is used in comparison with the standard DSR 
routing protocol. 

4. Routing Protocol Used: 

The Dynamic Source Routing (DSR) protocol is one of the more generally accepted on-demand routing 
protocols. Dynamic Source Routing (DSR) is a routing protocol designed specifically for use in mobile ad hoc 
networks.  The protocol allows nodes to dynamically discover a source route across multiple network hops to any 
destination in the ad hoc network.  When using source routing, each packet to be routed carries in its header the 
complete, ordered list of nodes through which the packet must pass.  A key advantage of source routing is that 
intermediate hops do not need to maintain routing information in order to route the packets they receive, since the 
packets themselves already contain all of the necessary routing information.  This, coupled with the dynamic, on-
demand nature of Route Discovery, completely eliminates the need for periodic router advertisements and link status 
packets, reducing the overhead of DSR, especially during periods when the network topology is stable and these 
packets serve only as keep-alives. 
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4.1 Advantages of Dynamic Source Routing Protocol 

Source routing is a routing technique in which the sender of a packet determines the complete sequence of 
nodes through which to forward the packet; the sender explicitly lists this route in the packet's header, identifying 
each forwarding "hop" by the address of the next node to which to transmit the packet on its way to the destination 
host. DSR offers a number of potential advantages over other routing protocols for mobile ad hoc networks.   
First, DSR uses no periodic routing messages (e.g., no router advertisements and no link-level neighbor status 
messages), thereby reducing network bandwidth overhead, conserving battery power, and avoiding the propagation 
of potentially large routing updates throughout the ad hoc network.  Our Dynamic Source Routing protocol is able to 
adapt quickly to changes such as host movement yet requires no routing protocol overhead during periods in which 
no such changes occurs. 

In addition, DSR has been designed to compute correct routes in the presence of asymmetric (uni-directional) 
links. In wireless networks, links may at times operate asymmetrically due to sources of interference, differing radio 
or antenna capabilities, or the intentional use of asymmetric communication technology such as satellites.  Due to 
the existence of asymmetric links, traditional link-state or distance vector protocols may compute routes that do not 
work.  DSR, however, will find a correct route even in the presence of asymmetric links. 

5. Reference Point Group Mobility Model  

The Reference Point Group Mobility (RPGM) [8] model represents the random motion of a group of MNs as 
well as the random motion of each individual MN within the group. Group movements are based upon the path 
traveled by a logical center for the group. The logical center for the group is used to calculate group motion via a 
group motion vector. The motion of the group center completely characterizes the movement of its corresponding 
group of MNs, including their direction and speed. Individual MNs randomly move about their own pre-defined 
reference points, whose movements depend on the group movement. As the individual reference points move from 
time t to t+1, their locations are updated according to the group’s logical center.  
                                     
                     
 
 
 
 
 
 
 
 
 
 

                                                                       Fig. 1: RPGM model 

One example of such mobility is that a number of soldiers may move together in a group or platoon. 
Another example is during disaster relief where various rescue crews (e.g., firemen, policemen and medical 
assistants) form different groups and work cooperatively.  
In the RPGM model, each group has a center, which is either a logical center or a group leader node. For the sake of 
simplicity, we assume that the center is the group leader. Thus, each group is composed of one leader and a number 
of members. The movement of the group leader determines the mobility behavior of the entire group. The respective 
functions of group leaders and group members are described as follows.  
 

5.1 The Group Leader:  

The movement of group leader at time t can be represented by motion vector tgroupVr. Not only does it 
define the motion of group leader itself, but also it provides the general motion trend of the whole group. Each 
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member of this group deviates from this general motion vector Vtgroupr by some degree. The motion vector 
Vtgroupr can be randomly chosen or carefully designed based on certain predefined paths.  
 

5.2 The Group Members 

 The movement of group members is significantly affected by the movement of its group leader. For each 
node, mobility is assigned with a reference point that follows the group movement. Upon this predefined reference 
point, each mobile node could be randomly placed in the neighborhood. 
 

With appropriate selection of predefined paths for group leader and other parameters, the RPGM model is 
able to emulate a variety of mobility behaviors. RPGM model is able to represent various mobility scenarios 
including  
 
5.2.1  In-Place Mobility Model: The entire field is divided into several adjacent regions. Each region is 

exclusively occupied by a single group. One such example is battlefield communication.  
5.2.2  Overlap Mobility Model: Different groups with different tasks travel on the same field in an overlapping 

manner. Disaster relief is a good example 
5.2.3  Convention Mobility Model: This scenario is to emulate the mobility behavior in the conference. The area 

is also divided into several regions while some groups are allowed to travel between regions. 
 

6. Tool Used 

6.1 NS-2:  

Ns is a discrete event simulator targeted at networking research. Ns provides substantial support for 
simulation of TCP, routing, and multicast protocols over wired and wireless (local and satellite) networks. 
The simulation study was done using ns-2[9].This tool does not support RPGM which actually we are using in our 
work. To support RPGM we are using some other tool BONNMOTION 1.4 which supports RPGM. Then, it is 
further converted to work with NS-2. 
 

6.2 Bonnmotion 1.4 

Bonn Motion is Java software which creates and analyses mobility scenarios. It is developed within the 
Communication Systems group at the Institute of Computer Science IV of the University of Bonn, Germany, where 
it serves as a tool for the investigation of mobile ad hoc network characteristics. The scenarios can also be exported 
for the network simulator ns-2. The mobility models were generated using BonnMotion-1.4[10] scenario generation 
tool. This tool supports RPGM we have worked on. Parameters utilized were routing overhead, normalized routing 
load, packet delivery fraction, and average end-to-end delay as metrics. 
 

7. Scenario of Simulation Setup 

NS-2 is simply an event driven simulation tool that is useful for studying the dynamic nature of communication 
networks. The simulated network consisted of 10, 15, 20, 25, 30 nodes randomly scattered as referred in Table1 
below in 2000x2000m area at the starting time of the simulation.  
 

 

Scenarios 
Node 
Density 

No. Of 
Connection Duration 

Node 
Mobility 

Pause 
Time Rate  

1 10 7 10 10 5 5 
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Table 1: Simulation parameters used 
 
 

                                                                 

Fig 2: simulation parameters on graph 

8. Performance Metric 

This study centers on investigating and quantifying the effects of various factors on the overall performance of 
ad hoc networks. Some following important performance metrics can be evaluated:- 

8.1 Node Density 

The network size of an ad hoc network refers to the total number of nodes in the ad hoc network 
The number of nodes when too low results in lower reach ability value. On the other hand when the number of 
nodes deployed is too results in unnecessary wastage of resources. 

8.2 Normalized Routing Overhead 

This is calculated as the ratio between the numbers of routing packets transmitted to the number of packets 
actually received (thus accounting for any dropped packets): 

 
NRL =   Number of routing packets sent 

                      Number of data packets received. 
 

This metric gives an estimate of how efficient a routing protocol is since the number of routing packets sent 
per data packet gives an idea of how well the protocol maintains the routing information updated. The higher the 
NRL, the higher the overhead of routing packets and consequently the lower the efficiency of the protocol is. The 
routing load metric evaluates the efficiency of the routing protocol 

8.3 Normalized MAC Overhead 

The number of routing, Address resolution protocol (ARP), and control (e.g., RTS, CTS, ACK) packets 
transmitted by the MAC layer [11] for each delivered data packet. Essentially, it considers both routing overhead 
and the MAC control overhead. Like normalized routing load, this metric also accounts for transmission at every 
hop. The MAC load is a measure of effective utilization of the wireless medium by data traffic. 
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8.4 Mobility  

The performance of routing protocols of MANET is significantly reduced when the nodes speed is too high 
i.e. as the nodes speed increases the number of link failures increase resulting in lower values of packet delivery 
ratio. 

8.5 Average end-to-end delay of data packets 

This metric is calculated by subtracting ―time at which first packet was transmitted by source from ―time 
at which first data packet arrived to destination. This includes all possible delays caused by buffering during route 
discovery latency, queuing at the interface queue, retransmission delays at the MAC, propagation and transfer times. 
The lower the end-to-end delay the better the application performance. 

8.6 Data Packet Loss (Packet Loss) 

A packet when arrived in a network layer is forwarded when a valid route to the destination is known; 
otherwise it is buffered until it reaches the destination. A packet is lost when the buffer is full or the time that 
the packet has been buffered, exceeds the limit. The lower the packet loss better is the performance. 

8.7 Throughput  

Throughput measures the effectiveness of the network in delivering data packets. That is, how well does 
the network deliver packets from the source to the destination? More the throughput increases the performance. The 
ratio of the number of data packets sent and the number of data packets received. Throughput of the protocol shows 
number of messages delivered per one second. 

8.8 Duration 

For a given pair of nodes, link duration is defined as the time during which the two nodes are within the 
transmission range of each other. At the same time, intuitively, the protocol performance depends on the duration of 
a path between the source and the destination, i.e. path duration. In general, longer the path duration, better the 
performance in terms of throughput 

8.9 Packet Delivery Ratio 

The ratio of the data packets delivered to the destinations to those generated by the CBR sources. This 
performance metric will give us how well the protocol is performing in terms of packet delivery at different speeds.  
 

9. Result and Analysis  

 
For all simulation result evaluate at different time at maximum speed of the nodes is 20 m/s and pause time 

is constant set to 5ms and the number of nodes is varying as like10, 15,20, 25, 30. All simulation parameter are 
described in below tables. 

9.1 Packet Delivery Ratio  

In this scenario, the performance of protocol compare with respect to their packet delivery ratio 
measurement, then the number of nodes connected in a network as varying with simulation time and thus varying 
the number of connections & results in different packet delivery ratio. The table2 given below shows the impact of 
node density on packet delivery with figure2 referenced below indicates the graph between packet delivery & node 
density. 
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Table 2: effect of number of nodes & number of connections on Packet Delivery 
 
 

                                                  
 
                                                   Fig 3:  number of nodes v/s packet delivery  
 

9.2 Average End To End Delay 

In this scenario, the performance of protocol comparing between average End-to-End delay and simulation 
time along with presence of traffic nodes. The measurement values of average End-to-End delay represent that 
reliability of routing protocol in the network. When the speed of node increases with simulation time, average delay 
of DSR increases with the increase in node speed. This is explained in Table3 as varying node density will vary 
delay altogether. 
 
 
 
 
 
 
 
 
 
 

Table 3: Comparing no. of nodes with average end to end delay 
  

                                                       
                                                        Fig 4: no. of nodes v/s end to end delay 
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9.3 Throughput 

In this scenario, the performance of protocol compares with respect to their throughput measurement as 
explained in Table 4 below. Throughput measures of effectiveness of a routing protocol in the network. When 
comparing the routing throughput by each of the protocols, DSR has the high throughput at minimum size of 
network. 
 
                                                      

No. of Nodes Throughput 

10 0.6 

15 0.39 

20 1 

25 0.98 

30 0.98 

 
Table 4: effect of no. of nodes on throughput 

 
     

                                                      
                                         

Fig 5: no. of nodes v/s throughput 
 

 9.4 Effect of data packets dropped on Throughput 

In this scenario, the performance of protocol compares with respect to the measurement of throughput, data 
packets dropped, data sent, data received. Through the table5 we can see that when data packets are dropped 
throughput decreases. We can clearly see that data packets are received with no loss on the destination & throughput 
is at its highest value. 
 
 
 
 
 
 
 
 
 
 
 
  
 

Table 5: comparison of data dropped on throughput with varying other parameters 
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                                                   Fig 6: comparing all parameters     

10. Conclusion: 

MANET is an autonomous system that generates for short time and due to mobility of node the corresponding 
weight which can change randomly. In proposed model all the paths are generated randomly. In this paper, we 
compare different scenario in network. The performance of DSR routing protocols[12][13][14] is analyzed with 
simulation using NS wireless simulator scenario available at 10, 15, 20, 25 and 30 node density on the basis of these 
parameters Average End-to-End delay, throughput, and packet delivery.  
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