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Abstract
IPv6 supports functions crucial to the employment of scalable IP 
networks as a basis for new and exciting 3G services. It is believed  
that IP version 6 (IPv6) is essential in making the vision- ‘all 
mobile users in the near future will be ‘always connected and 
always online’, real; IPv6 helps to solve many problems that will 
appear with the rapid growth of the Mobile Internet. Tremendous 
opportunities will become available for service providers and 
network operators to create new business opportunities and to 
differentiate services. Nevertheless, IPv6 hosts and terminals will 
need to inter-operate with IPv4 hosts and terminals for a long 
time. Therefore it is important to plan for IPv6 migration and 
coexistence of IPv4 and IPv6. The aim of this work is to develop 
a heterogeneous adhoc network scenario by employing a reactive 
protocol i.e AODV and IPv6 Addressing to analyse the activity of 
gateways for different parameters to facilitate Internet connectivity 
to far off rugged regions. 
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I. Introduction
The nature of mobile ad hoc networks makes simulation modeling 
an invaluable tool for understanding the operation of these networks. 
Wireless channels experience high variability in channel quality 
due to a variety of phenomenon, including multipath, fading, 
atmospheric effects, and obstacles. While real world tests are crucial 
for understanding the performance of mobile network protocols, 
simulation provides an environment with specific advantages over 
real world studies. These advantages include repeatable scenarios, 
isolation of parameters, and exploration of a variety of metrics. 
Repeatable scenarios aid in the development and refinement 
of networking protocols by allowing the protocol developer to 
make changes to the protocol and retest the protocol in the same 
scenario. This aids in deeper understanding of how the changes 
impact the performance results. Simulation also enables isolation 
of parameters. This allows the effects of a single parameter, such as 
mobility, data traffic or transmission range, to be studied in detail, 
while all other metrics are held constant. Additionally, simulation 
allows a wide variety of scenarios and network configurations to 
be evaluated. All of these characteristics are extremely difficult, 
if not impossible, with real world experiments. Due to these 
benefits, simulation has become a popular tool for the development 
and study of ad hoc networking protocols. The vast majority of 
networking protocols proposed for ad hoc networks have been 
evaluated with some simulation tool. An important component 
of the network simulator is the mobility model. Once the nodes 
are initially placed, the mobility model dictates how the nodes 
move within the network. A variety of mobility models have 
been proposed for ad hoc networks [5, 7, 10, 12, 14, 19], and a 
survey of many is presented in [2, 6]. These models vary widely 
in their movement characteristics. For instance, in the Random 

Walk mobility model described in [9], nodes select a direction 
in which to move, between 0 and 2, a speed from a given dis- 
tribution, and then move in that direction at that speed for either 
a specified number of steps or for a time period. At the end of 
this period, the nodes repeat this process. The Random Direction 
model [19], operates similarly to the Random Walk, except that 
nodes continue to walk until they are within some of the simulation 
boundary. Once they reach this area, they select a new direction 
in which to walk. One of the most popular mobility models for 
studying ad hoc networking protocols is the Random Waypoint 
model [5]. In this model, a node selects a random destination within 
the network, a speed from a distribution, and then moves to the 
selected destination at the selected speed. Once the node reaches 
the destination, the node rests for a pause time, and then repeats 
the process by selecting a new destination and speed and resuming 
movement. What all of these models have in common is that the 
movement patterns they create are not necessarily comparable 
to true real world movement. In particular, people on college 
campuses, at conferences, and in shopping areas generally do 
not move in random directions. They tend to select a specific 
destination and follow a well-defined path to reach that destination. 
The selection of the path is influenced both by provided pathways 
and obstacles. For instance, on a college campus, individuals 
generally stay on paths that are provided for interconnecting 
the campus buildings. While certain individuals may stray from 
these paths (i.e., by cutting across lawns), the majority of people 
walk along the provided paths. Additionally, the destinations are 
typically not random, but are buildings, park benches, and other 
specific locations within the campus. Previous research [6] has 
shown that the mobility model in use can significantly impact the 
performance of ad hoc routing protocols, including the packet 
delivery ratio, the control overhead, and the data packet delay. 
Hence, it is important to use mobility models that accurately 
represent the intended scenarios in which the protocol is likely 
to be utilized. In this way the performance of the protocol can be 
more accurately predicted.  To evaluate our mobility model, we use 
the Ad hoc On Demand Distance Vector (AODV) routing protocol 
[17] that utilizes the random waypoint model. Simulation results 
show that the use of obstacles and pathways have a significant 
impact on the performance of the AODV routing protocol. In 
the Internet, the Border Gateway Protocol (BGP) [21] provides 
a well-established mechanism for inter-domain routing among 
heterogeneous domains, called Autonomous Systems (AS). The 
principle of BGP is to enable opaque interoperation, where each 
domain has the administrative control over its intra-domain 
routing protocol and inter-domain routing policy, which is not 
known (or opaque) to the other domains. Unlike in the Internet, 
the inter-domain routing problem is fundamentally different in 
WANETs with significant challenges. First, in WANETs, the 
network connectivity changes dynamically, thus an inter-domain 
routing protocol must be able to cope with such changes as network 
partitions/merges and connectivity changes. In addition, there are 
no clear boundaries between network domains and in many cases 
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multiple domains may overlap in the same geographic region. 
Second, WANET environment has spawned out a new breed of 
routing protocols such as reactive routing protocols, geo-routing 
protocols, etc. [20] that are specialized for dynamic networks, 
and they require special handling to participate in inter-domain 
routing. 
In the literature, there are several proposals to enable interoperations 
among multiple wireless domains . Most of them only focus on high 
level architectures and provide a sketch of required components 
(e.g., translation of different naming spaces, and different 
protocols). While these related works have considered various 
issues regarding interoperation of multiple networks, none of 
them provided a specific solution for inter-domain routing between 
WANETs. In the wireless context, there have been proposals to 
take advantage of heterogeneous routing protocols to adapt to 
network dynamics and traffic characteristics. For example, hybrid 
routing protocols (e.g. SHARP) uses both proactive and reactive 
routing protocols to adapt the routing behavior according to traffic 
patterns. The basic idea is to create proactive routing zones around 
nodes where there are lots of data traffic, and use reactive routing in 
other areas. Since the main goal of hybrid routing is to improve the 
routing performance in a single domain via adaptation, it cannot 
support the interaction of multiple domains with different routing 
protocols. Another related approach is cluster-based networking 
in WANETs. The idea of cluster-based networking is to form 
self-organizing clusters and a routing backbone among cluster 
heads. In this way, cluster-based networks can use hierarchical 
routing and achieve a scalable routing solution in a single domain. 
Although cluster-based routing has a structural similarity to inter-
domain routing, they are essentially addressing two fundamentally 
different problems. The goal of inter-domain routing is to support 
multiple domains with autonomous control; on the other hand, a 
cluster-based routing is applicable in a single domain with a full 
control over its clusters (e.g., on cluster formation and cluster 
head election).

II. Protocols Description

A. Mobile-IP 
In Mobile-IP, each mobile node is assigned an IP home address 
belonging to its Home Network. When a mobile node MN is away 
from its home network, the Home Agent (HA) intercepts packets 
addressed to MN and sends them through a tunnel up to MN’s 
current attachment network. The end of the tunnel is the mobile 
node’s care-of-address (CoA), which is the address of the Foreign 
Agent (FA) assigned to the 
mobile node in the Foreign Network. This FA decapsulates the 
packets and forwards the original packets to the visiting  node. 
Mobile-IP includes three basic capabilities: (i) agent discovery 
enables a mobile node to identify prospective HA and FAs, (ii) a 
registration procedure used by a mobile node to inform its HA of 
its CoA and (iii) tunneling used to forward IP packets from a home 
address to a CoA. When a mobile node moves from one network 
to another, it has to detect its movement and register a new CoA 
to its HA. This procedure of movement detection and registration 
is called “Mobile-IP handoff”. The movement detection is based 
on the evaluation of periodically received Agent Advertisements 
(AAs) that are broadcast by agents. Two main methods have been 
proposed to detect:

1. Lazy Cell Switching (LCS)
This method is based on the lifetime of the AAs. If a mobile node 
does not receive another AA from the same FA within the specified 
lifetime of the previously received AA, then the mobile node 
assumes that it has lost contact with that FA. If it has received an 
AA from another agent for which the lifetime has not yet expired, it 
may attempt to register through that agent immediately. Otherwise, 
the mobile node should attempt to find a new agent. It should be 
noted that the AA lifetime is generally 3 × the AA Interval.

2. Eager Cell Switching (ECS)
This method is an improvement of the LCS method when a mobile 
node can receive simultaneously AAs from multiple FAs. ECS 
assumes that the movement of a mobile node is likely to proceed 
along fairly straight lines with no drastically different direction 
changes. This means that a mobile node that enters a new wireless 
cell is likely to proceed further into this new cell. Hence, it is 
appropriate for the mobile node to register through a new CoA 
available within the new cell.

III. Implementation
The QualNet Tool is used to design and analyse a virtual adhoc 
scenario’s employing four different sets of standard networks 
viz. Abstract Wired LAN, WiFI, WiMax and Satellite Network 
for depicting integration.  The following flow chart explains the 
procedure/methodology involved for designing a heterogeneous 
network.

Fig. 1: 

The following table shows various parameters being used for 
implementing such a heterogeneous network. In the designer view 
CBR flow is selected for communicating a standard sized packet 
is transacted between nodes of different networks.   
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Table 1: Network Scenario
No. of nodes deployed in Test 
Bed 19

Topology Size 1500 * 500
Simulation Time 180 sec
WANET Routing Protocol AODV
NETWORK Layer Protocol IPv6
WiMax: base station configured Node 5
WiMax: Subscriber Stations Nodes 3, 13, 4, 12, 11, 10
Wi-Fi/ Adhoc Nodes Nodes 1, 2, 6, 7, 8, 9
LAN Switch Node 16
Abstract LAN Nodes 14, 15
Satellite Network Node 17, 18, 19
Mobility Model Random Waypoint

IV. Results
In correspondence with the parameters mentioned in the table: 
Network Scenario, an integration Model is devised  using QualNet 
Designer and  the nodes are allowed to communicate using Random 
Waypoint Mobility Function as shown in fig. 1. The nodes are 
configured for different standards and are placed closer enough 
to foresee appropriate levels of signal strength made available 
for packet transaction. A gateway with Dual Stack properties 
is configured in each network for interaction host and foreign 
nodes.

Fig. 2: Integration Model/ QualNet Architecture

The QualNet Analyser displays the results for all the layers 
considering different standardized parameters. Fig. 3 shows that 
CBR Client node in WiMax Set up communicated 300 units of 
packets in three instances whereas fig. 4, depicts the total number 
of packets received by Nodes nomenclated as CBR Server for two 
instances or hop levels. Node 9 in Wi-Fi environment has received 
maximum packets. Further analysis of network layer suggests 
that 375 units of packet are generated using Ipv6 addressing for 
nodes in adhoc domain.

Fig. 3: CBR Client: Total packets Sent

Fig. 4: CBR Server: Total packets Received

Fig. 5: Total IPv6 Packets Generated

V. Conclusion
The main goal of this paper was the applicability of IPv6 for the 
efficient design of ad hoc network architectures that support both 
full spontaneous mode, i e., without any infrastructure and thus 
requiring an autonomous local ad hoc addressing scheme, and a 
seamless coexistence with existing WiMax and WLAN networks 
that provide a global connection to the Internet. By merging and 
integrating ad hoc networks with wireless access to the Internet, we 
have be able to achieve a more flexible network with multiple access 
options providing users the capability to connect and communicate 
easily and seamlessly. QualNet Simulations have been configured 
to accurately model realistic scenarios in the field with good 
correlation on the end to end statistics. These simulations can 
then be extended, or re-run with different parameters, to provide 
the modeler with the ability to answer additional questions about 
network performance and optimization, without resorting to costly 
and time-consuming field exercises.
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