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Abstract
ODMRP protocol offers a very effective routing mechanism 
in wireless mobile Ad-hoc networks. But the performance 
deteriorates when the network is subjected to large amount of 
traffic. We have proposed a modification in the ODMRP protocol. 
The congestion in the network is controlled by reducing the RREQ 
packet retransmission by the source node, managing buffer space. 
The simulation has been done on the Qualnet 5.0 Simulator. The 
result shows the significant improvement in the throughout as well 
as reduction in number of packets dropped and jitter.
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I. Introduction
An ad-hoc network is a collection of nodes forming a temporary 
network without the aid of any additional infrastructure and no 
centralized control. The nodes in an ad-hoc network [12] can 
be a laptop, PDA, or any other device capable of transmitting 
and receiving information. Nodes act both as an end system 
(transmitting and receiving data) and as a router (allowing 
traffic to pass through) resulting in multi-hop routing.   Network 
is temporary as nodes are generally mobile and may go out of 
range of other nodes in the network.
In this paper, authors describe PIM (Protocol Independent 
Multicast) capable of supporting Sparse Mode (SM) and Dense 
Mode (DM) operations. In sparse mode, PIM can use shared trees 
(RPT) or Shortest Path Trees (SPT) to deliver data packets [1].
In this paper, authors have developed a multicast routing 
architecture that efficiently establishes distribution trees across 
wide area internets, where many groups will be sparsely 
represented. Efficiency is measured in terms of the router state, 
control message processing, and data packet processing, required 
across the entire network in order to deliver data packets to the 
members of the group [2].
In this paper, authors describe that a number of different routing 
protocols proposed for use in multi-hop wireless ad hoc networks 
are based in whole or in part on what can be described as on-
demand behavior [3].
In this paper, authors investigate the performance of multicast 
routing protocols in wireless mobile ad hoc networks [4].
This paper presents different approaches of providing multicast 
traffic for mobile hosts. Mobile IPv6 is used for mobility support. 
The network employs Protocol Independent Multicast Dense Mode 
(PIM-DM) for multicast routing and Multicast Listener Discovery 
(MLD) to collect multicast group membership information [5].
This paper describes an IP multicast implementation based on 
Multicast Extensions to Open Shortest Path First (MOSPFP). 
The MOSPF Forwarding Model presented in this study is used to 
forward multicast datagram. The Forwarding Model has focused 
on interaction between MOSPF and OSPF in terms of group-
membership-Link-State-Advertisement (type-6 LSA) as well 
as developing Multicast Routing Table (MRT) and Multicast 

Forwarding Cache (MFC). The MRT has been organized as a 
Patricia-based tree while the MFC has been maintained as hash-
table data structures. The MFC entries are built from the local 
group database and the shortest path (SPF) tree calculation. [6]
In this paper, authors describe that multicasting is the ability 
of a communication network to accept a single message from 
an application and to deliver copies of the message to multiple 
recipients at different locations [7].
In this paper, authors describe an important issue in reliable 
multicasting in ad hoc networks that is busty packet loss that 
arises when a link breaks due to node mobility [8].
In this paper, authors describe the On-Demand Multicast Routing 
Protocol for mobile ad hoc networks (ODMRP). ODMRP is a 
mesh-based, rather than conventional tree based, multicast scheme 
and uses a forwarding group concept [only a subset of nodes 
forwards the multicast packets via scoped flooding). It applies 
on-demand procedures to dynamically build routes and maintain 
multicast group membership [9].
In this paper authors propose a new multicast protocol for Mobile 
Ad Hoc networks, called the Multicast routing protocol based 
on Zone Routing (MZR). MZR is a source-initiated on demand 
protocol, in which a multicast delivery tree is created using a 
concept called the zone routing mechanism [10].
In this paper, authors present a performance study of three multicast 
protocols: ODMRP, ADMR, and SRMP. Multicast Routing in 
Mobile Ad hoc NETworks (MANETs) is a recent research topic. 
Source Routing-based Multicast Protocol, (SRMP) is a new on-
demand multicast routing protocol that applies a source routing 
mechanism and constructs a mesh to connect group members 
[11].
In this paper, authors focus on one critical issue in Mobile Ad hoc 
Networks (MANETs) that is multicast routing. In fact, optimal 
routes, stable links, power conservation, loop freedom, and 
reduced channel overhead are the main features to be addressed 
in a more efficient multicast mechanism [12].
In this paper, the authors describe the reliability of the On-Demand 
Multicast Routing Protocol (ODMRP) in terms of the delivery of 
data packets in response to the important role that multicasting plays 
in wireless mobile multi hop ad hoc networks. Using GloMoSim 
2.0, the simulation results have shown that using ODMRP, the 
average miss ratio does not always increase with increasing the 
speeds of mobility of the mobile hosts in the ad hoc network. 
Instead, there is a “sweet spot” of values of the mobility speeds 
of the mobile hosts. In addition, the averages miss ratio decreases 
with increasing the number of multicast group members, which 
indicates that ODMRP has more packet delivery capabilities for 
denser multicast groups. [13]
In this paper, authors present a comparative performance evaluation 
of three general-purpose on demand multicast protocols, namely 
ADMR, MAODV, and ODMRP, focusing on the effects of changes 
such as increasing number of multicast receivers or sources, 
application sending pattern, and increasing number of nodes in 
the network [14].
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In this paper, authors analyze the performance of multicast 
routing protocol PIM-SM to provide suggestions of improving 
this protocol. PIM-SM is preferred among the current intra domain 
multicast routing protocols. But it is not widely deployed in 
Internet till now [15].

II. Problem Formulation
When a node wants to send a data packet to some other node in 
multicast network, it must initiate some steps to find the most 
suitable path between itself and the destination node. It does so 
by flooding the network with RREQ packets. Initially the source 
node send this RREQ packets to its immediate neighbours. The 
neighbouring node receives the RREQ packet and checks and 
replies back with RREQ packet if it has a path available to the 
destination node. If, however, it does not have the path, it simply 
forward the received RREQ packets to its neighbours. In this way 
the whole of the network is flooded with these RREQ packets.
Due to this flooding of RREQ packets, a lot of network resources 
are used up in path finding only. This result in congestion of the 
networks.
Another problem arises due to multiple transmissions of various 
RREQ and RREP packets over the network. It becomes difficult to 
handle such a large number of packets and hence some packets are 
dropped. This creates problem in route discovery which increases 
the route discovery time and consequently, reduces the efficiency 
of the networks.

III. Problem Solution
The problem of congestion can be solved by reducing the RREQ 
packet retransmission by source node. This results in reducing 
congestion in the network and factors like throughput, end-to-end 
delay will have positive effect on them.
The second problem of dropped packets can be solved by 
increasing the buffer size of the protocols. With increased buffer 
size, the packets which were to be dropped will be placed in the 
buffer space instead. The packets stored in the buffer space can 
be retransmitted at a later stage. Qualnet 5.0 Simulator provides 
with the option of implementing and modifying the buffer space 
by making modification using Qualnet programmer’s guide.

IV. Experimental Setup
Qualnet is a network modeling tool, which is used to model wired 
and wireless network. It uses simulation and emulation to predict 
the behavior and performance of the networks to improve the 
design, operation and management.

A. Performance Matrices Used
Control packet load:  the average number of control packet 1. 
transmission by node in the network. Control packets include 
any of QUERY, REPLY, PASSREQ, CONFIRM, HELLOW 
and ACK packets.
Packet delivery ratio: the ratio of data packet sent by all the 2. 
sources that is received by a receiver.
Data packet overhead: the number of data transmissions 3. 
performed by the protocols per successfully delivered data 
packet.
Control packet overhead: the number of controlled 4. 
transmissions performed by the protocols per successfully 
delivered data packet.
Total packet overhead: the total control and data overheads 5. 
per successfully delivered data packet. This matrix represents 
the multicast routing efficiency.

The simulation environment for the proposed work consists of 
four models:-

Network model• 
Channel model• 
Mobility model• 
Traffic model• 

Table 1:
Area 1500X1500 m2

Transmission range 500 m
Number of nodes 200
Physical / Mac layer IEEE 802.11 at 2 Mbps

Mobility model Random waypoint model 
with no pause time

Maximum mobility speed 1-20 m/s
Simulation duration 500 s
Pause time 0
Packet size 512 bytes
Traffic type CBR (Constant Bit Rates)
Number of packets 5/second
Number of multicast sources 1,2,5,10,15 nodes
Number of multicast receivers 10,20,30,40,50 nodes
No. of simulations 20

V. ODMRP
It is a soft state reactive mesh based and uses a forwarding group 
concept i.e. only a subset of nodes forwards the multicast packets. 
In ODMRP, multicast group members are maintaining a soft state 
approach. No explicit control message is required to leave the 
group and group membership and multicast routes are established 
and updated by the source on demand.
The source s, desiring to send packet to a multicast group but having 
no route to the multicast group, will broadcast a JOIN-DATA 
control packet to the entire network. This JOIN_DATA packet is 
periodically broadcast to refresh the membership information and 
update routes. When an immediate node receives the JOIN_DATA 
packet, it stores the source ID and the sequence number in its 
message cache to detect any potential duplicates. The routing table 
is updated with the appropriate node ID from which the message 
was received for the reverse path back to the source node. If the 
message is not duplicate and time to live (TTL) is greater than 
zero, it is rebroadcast. When the JOIN_DATA packet reaches a 
multicast receiver, it creates and broadcasts a JOIN_TABLE to 
its neighbours. When a node receives a JOIN_TABLE, it checks 
to see if the next hop node ID of one of the entries matches its 
own ID. 
If it does, the node realizes that it is on the path to the source and 
thus is a part of the forwarding group and sets the forwarding group 
flag (FG_FLAG). It then broadcasts its own join table built on 
matched entries. The next hop node ID field is filled by extracting 
information from its routing table. In this way, each forward group 
member propagates the JOIN_TABLE until it reaches the multicast 
source s via the shortest path.
On receiving JOIN_TABLE, a node also has to built is multicast 
table for forwarding future multicast packets. This whole process 
constructs (or updates) the routes from sources to receivers and 
builds a mesh of nodes called the forwarding group.
After the forwarding group establishment and route construction 
process, sources can multicast packets to receivers via selected 
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routes and forwarding groups. While it has data to send, the source 
periodically sends JOIN_DATA packets to refresh the forwarding 
group and routes. When receiving the multicast data packet, a 
node forwards it only when it is not a duplicate and the setting 
of the FG_FLAG for the multicast group has not expired. This 
procedure minimizes the traffic overhead and prevents sending 
packets through the state routes. In ODMRP, no explicit control 
packet needs to be sent to join or leave the group. If a multicast 
source want to leave the group, it simply stops sending JOIN_
DATA packets, since it does not have any multicast data to send 
the group. If a receiver no longer wants to receive from a particular 
multicast group, it does not send the join reply for that group.

Table 2:

VI. Management of Route Request, Route Reply and 
Route Error Packets
To create multicast mesh and a stable route in a mesh from source 
to destination, various control packets such as route request, route 
reply and Route Error (RE) packets are used. Here, we describe 
some of the fields on the control packets required for multicast 
mesh creation, stable path establishment and handling link failure 
situations. The fields of RR packet are as follows:

1. Source Address
It is the address of the node originating packet.

2. Multicast Group Address
It is the address of the multicast group.

3. Sequence Number
The sequence number assigned to every packet delivered by the 
source that uniquely identify the packet.

4. Route Request Flag (RR Flag)
This flag is set for the duration of forward travel of RR packet 
from source to destination.

5. Previous Node Address
It is the address of the previous node that RR packet has visited 
during its forward movement. It is the route request phase, a node 
receiving RR packet stores this address with multicast address in 
its MRIC (Multicast Routing Information Cache) as next hop-
node to send the packet to RR source. This field is updated after 
every movement to the next node until it reaches the receiver 
with multicast address.

6. Power
This is the power at which a node has transmitted the packet to 
neighbor.

7. Antenna Gain
This is the gain of antenna at the forwarding node to forward RR 
packet to its neighbor.

VII. Results and Discussion
1. It is found from the simulation that the packet delivery ratio as 
the function of multicast sources which proves that the ODMRP 
has better delivery ratio when the no. of sources is minimum. But 
as the no. of sources increases, the proposed solution improves 
the packet delivery ratio by 10%.
The packet delivery ratio of ODMRP is a function of mobility speed. 
The size of multicast group is varied to examine the scalability of 
the protocol. Having only two multicast members corresponds to 
a unicast situation. The result indicates that ODMRP delivers high 
portion of data packet in the most of our scenarios. 
In high mobility situations, the performance is the least effective 
in two members case.
When ODMRP functions as a unicast protocol, a mesh is not 
formed and there is no redundancy in packet forwarding. Since 
there are no multiple routes, the probability of packet drop 
increases with mobility speed. The performance is degraded as 
the mobility speed increases.
As the no. of members increases, the forwarding group mesh 
creates reacher connectivity among members. The mesh makes 
the protocol scalable and robust. In mesh, the data can still reach 
receivers via other redundant routes formed by the forwarding 
group nodes. It is seem from the result that ODMRP delivers over 
96% of the multicast packets even in the face of high mobility.                                           
2. The control overhead of ODMRP is less when no. of sources 
is minimum. As the multicast receiver increases, its overhead 
increases. But as the buffer size modify, the overhead decreases 
by 5%.
3. When the sources and receivers are more in the number, the 
ODMRP achieves the better efficiency when the no. of RREQ 
is reduced.
4. The forwarding efficiency as well as latency of ODMRP is better 
due to its frequent state discovery and use of shortest forwarding 
path. The ODMRP has better end-to-end delay due to the shortest 
path finding capacity.
5. The average no. of control bytes transmitted per data type 
delivered. The ODMRP efficiently utilizes control packets in 
delivering data. Join Requests are transmitted by the source only 
when it has data to send. The Join Tables are sent by receivers when 
valid sources exist in their Member Table. Thus, control packets 
are generated only if needed and all the control messages are 
utilized in establishing or refreshing routes and group membership. 
Furthermore, the transmission of control packets is periodic and 
the pure control overhead remains relatively constant regardless of 
mobility speed. It is observed that the efficiency improves as the 
number of multicast members grows larger. Although more Join 
Tables are propagated when more nodes participate in a multicast 
group, the number of data delivered increases since more members 
receive the data.

VIII. Conclusion
From the investigation, it can be concluded that proactive multicast 
routing protocols are not suitable for mobile ad hoc networks 
(MANETs), because of their huge routing overheads. Among the 
other two reactive routing protocols, mesh based (ODMRP) shows 
better performance than tree based routing protocol. ODMRP has 
low packet loss, high Packet Delivery Ratio (PDR), less average 
end to end delay (ETED) high throughput as compared to other 
tree-based routing protocols. It was observed that by increasing 
the buffer space in a  network, number of dropped packets could 
be reduced significantly. Also, by reducing the number of RREQ 
packets, the throughput was improved. But the downside to 
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this proposed solution was increased end-to-end delay. It was 
concluded that there is a trade-off between number of dropped 
packet and delay. If the number of dropped packets was decreased 
with the help of buffer, then average end-to-end delay will increase. 
But the throughput can be certainly improved by reducing  the 
retransmission of RREQ packets.
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