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Abstract
A Mobile Ad-Hoc Network (MANET) in which mobile nodes can 
access the Internet via a stationary gateway node or access point. 
Ad-Hoc On Demand Distance Vector Routing (AODV) protocol 
has been studied to provide the connectivity to the wired network 
(internet and other resources) via gateway. An Attempt has been 
made to enable Mobile nodes to always have the fresher routes 
to the Gateway. All the traffic from the mobile node to the wired 
network will pass through the Gateway which understands the 
protocol of both wired networks and Mobile Ad-Hoc network. 
Three different approaches have been proposed to update the 
information with the mobile nodes about the wired Gateways. This 
Performance analysis has been done in a simulation environment. 
For the simulation purpose we have used the Network Simulator 
(NS-2), a widely available simulation tool.
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I. Introduction 
The term MANET (Mobile Ad-Hoc Network) refers to a set of 
wireless mobile nodes that can communicate and move at the 
same time. No fixed infrastructures are required to allow such 
communications; instead, all nodes cooperate in the task of routing 
packets to destination nodes. This is required, since each node 
of the network is able to communicate only with those nodes 
located within its transmission radius R, while a source node 
S and a destination node D of the MANET can be located at a 
distance much greater than R. When, S wants to send a packet to 
D, the packet may have to cross many intermediate nodes. For 
this reason, MANETs belong to the class of multihop Wireless 
networks. Because these kinds of networks are very spontaneous 
and self-organizing, they are expected to be very useful. It is 
also highly likely that a user of the network will have the need 
to connect to the Internet. The Internet Engineering Task Force 
(IETF) has proposed several routing protocols for MANETs, 
such as Ad-Hoc On-Demand Distance Vector (AODV), Dynamic 
Source Routing (DSR), Optimized Link State Routing Protocol 
(OLSR) and Topology Dissemination Based on Reverse-Path 
Forwarding (TBRPF). However, these protocols were designed 
for communication within an autonomous MANET, so a routing 
protocol needs to be modified in order to achieve routing between 
a mobile device in a MANET and a host device in a wired network 
(Internet). To achieve this network interconnection, gateways that 
understand not only the IP suite, but also the MANET protocol 
stack, are needed. Thus, a gateway acts as a bridge between a 
MANET and the Internet and all communication between the 
two networks must pass through any of the gateways. The AODV 
routing protocol is one of the most developed and implemented 
routing protocols investigated by the IETF MANET working group. 
This paper evaluates three approaches for gateway discovery. An 
interesting question is whether the configuration phase with the 
gateway should be initiated by the gateway (proactive method), 
by the mobile node (reactive method) or by mixing these two 

approaches.

II. Background 
An independent mobile Ad-Hoc network is very useful most of 
times but in many cases, a mobile Ad-Hoc network connected 
to the fixed network is much more desirable. So far, most of the 
research concerning mobile Ad-Hoc networking has been done 
on protocols for autonomous mobile Ad-Hoc networks. However, 
during the last few years, some work has been done concerning the 
integration of mobile Ad-Hoc networks and the fixed networks. In 
this thesis the access to the fixed network from a multi hop wireless 
network is investigated. To achieve this network interconnection, 
gateways that understand the protocols of both the mobile Ad-Hoc 
network stack and the TCP/IP suite are needed. All communication 
between a mobile Ad-Hoc network and the fixed network must 
pass through the gateways. The draft for Global Connectivity 
for IPv6 Mobile Ad-Hoc Networks [3] describes how to provide 
Internet connectivity to mobile Ad-Hoc networks. In particular, it 
explains how a mobile node and a gateway should operate. Further, 
it proposes and illustrates how to apply a method for discovering 
gateways.  In the case for reactive routing protocols, the idea is to 
extend the route discovery messaging, so that it can be used for 
discovering not only mobile nodes but also gateways.

III. Protocol Description
Whenever a mobile node is to send packets to a fixed network, it 
must transmit the packets to a gateway [3]. The protocol stacks 
involved during communication between a mobile Ad-Hoc 
network and the fixed Internet node are shown. A gateway acts 
as a bridge between a MANET and the Internet. Therefore, it 
has to implement both the MANET protocol stack and the TCP/
IP suite, as shown in the middle of fig. 1, [22]. Although the fig. 
shows, that all the layers are implemented for the gateway, it does 
not necessarily need all of the layers.

Fig. 1: MANET Protocol Stack

A. AODV
Ad-Hoc On Demand Routing (AODV) is a reactive routing 
protocol like Dynamic Source Routing (DSR) [5], and Associative 
Based Routing (ABR). It is pure on demand route acquisition 
system.  In this protocol, nodes that do not lie on the active paths 
neither maintain any routing information nor participate in any 
periodic routing table exchanges. Further a node does not have 
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to discover and maintain a route to another node until the two 
needs to communicate or the node is offering its services as an 
intermediate forwarding station to maintain connectivity between 
two other nodes [15]. Local Connectivity in AODV is performed 
with periodic local broadcasts called as hello messages or link 
layer detections. With this each mobile node can become aware 
of the other nodes in its Neighbourhood. The algorithm’s primary 
objectives are [2].

To broadcast discovery packets only when necessary. 1. 
To distinguish between local connectivity management 2. 
neighbour-hood detection and general topology 
maintenance. 
To disseminate information about changes in local connectivity 3. 
to those neigh-boring mobile nodes that is likely to need the 
information.

One distinguishing feature of AODV is its use of a destination 
sequence number for each route entry.  The destination sequence 
number is created by the destination to be included along with 
any route information it sends to requesting nodes. Destination 
sequence numbers ensures loop freedom [7].

IV. Gateway Discovery 
Ad-Hoc on Demand Distance Vector Routing (AODV) protocol 
has been studied to provide the connectivity to the wired network 
(internet and other resources) via gateway. (A modification in the 
source code of AODV in NS 2 in accordance with the Internet draft 
“Global connectivity for IPv6 Mobile Ad-Hoc Networks” which 
presents a solution where AODV is used to provide Internet access 
to mobile nodes [1]). To always keep the mobile nodes updated 
about the information of the gateways three mechanisms have been 
proposed to transmit the information about the gateways to the 
mobile nodes. The configuration phase between the Fixed network 
(Gateway) and mobile nodes in the mobile Ad-Hoc network can 
be initiated by the Fixed network(Gateway), by the mobile node 
or a mixed approach can be used to configure the mobile nodes 
and the fixed network. These gateways discovery mechanism 
are following.

A. Proactive Gateway Discovery 
The proactive gateway discovery is initiated by the gateway itself. 
The gateway periodically broadcasts a gateway advertisement 
(GWADV) message which is transmitted after expiration of the 
gateway’s timer, ADVERTISEMENT_INTERVAL. The time 
between two consecutive advertisements must be chosen with 
care so that the network is not flooded unnecessarily. All mobile 
nodes residing in the gateway’s transmission range receive the 
advertisement. Upon receipt of the advertisement, the mobile 
nodes that do not have a route to the gateway create a route entry 
for it in their routing tables. Mobile nodes that already have a 
route to the gateway update their route entry for the gateway. 
Next, the advertisement is forwarded by the mobile nodes to other 
mobile nodes residing in their transmission range. To assure that 
all mobile nodes within the mobile Ad-Hoc network receive the 
advertisement, the number of retransmissions is determined by 
NET_DIAMETER defined by AODV. However, this will lead 
to enormously many unnecessary duplicated advertisements. 
A conceivable solution to the problem that occurs due to these 
duplicated advertisements. Although the problem of duplicated 
broadcast messages can be solved, one disadvantage remains. 
This disadvantage, which is general for all proactive approaches, 
is the fact that the message is flooded through the whole mobile 
Ad-Hoc network periodically. This is very costly operation. 

Limited resources in a mobile Ad-Hoc network, such as power 
and bandwidth, will be used a lot.

B. Reactive Gateway Discovery 
The reactive gateway discovery is initiated by a mobile node 
that is to initialize or update information about the gateway. 
The mobile node broadcasts a RREQ_I to the ALL_MANET_
GW_MULTICAST address, i.e. the IP address for the group 
of all gateways in a mobile Ad-Hoc network. Thus, only the 
gateways are addressed by this message and only they process 
it. Intermediate mobile nodes that receive the message just forward 
it by broadcasting it again. Since the message format is RREQ, 
which has a RREQ ID field as discussed in Section V.A, duplicated 
RREQ_Is are discarded. Upon receipt of a RREQ_I, a gateway 
unicasts back a RREP_I which, among other things, contains 
the IP address of the gateway. The advantage of this approach 
is that RREQ_Is are sent only when a mobile node needs the 
information about reachable gateways. Hence, periodic flooding 
of the complete mobile Ad-Hoc network, which has obvious 
disadvantages. The disadvantage of reactive gateway discovery 
is that the load on forwarding mobile nodes, especially on those 
close to a gateway, is increased. 

C. Hybrid Gateway Discovery 
The question of whether the configuration phase with the gateway 
should be initiated by the gateway (proactive method), by the 
mobile node (reactive method) or by mixing these two approaches 
(hybrid proactive/reactive method). 

V. Simulation Overview 
A typical simulation with ns and mobility extension is shown in 
fig below. Basically it consists of generating the following input 
files to NS.

A scenario file that describes the movement pattern of • 
nodes. 
A communication file that describes the traffic in the • 
network. 

These files can be generated by drawing them by hand using 
the visualization tool, or by generating completely randomized 
movement and communication pattern with script. These files 
are then used for simulation and a result from this; a trace file is 
generated as output. Prior to the simulation parameters that are 
going to be traced during simulation must be selected. The trace 
file then can be scanned and analyzed for various parameters that 
we want to measure.
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The scenario file (Node Movement file) in the NS-2 can be generated 
with the help of the CMU’s node movement generator available 
in the NS at ~ns/indep-utils/cmu-scen-gen/setdest. Different 
parameter are to be passed to this scenario file generator like the 
no of nodes, Pause time, X-dimension, Y-dimension, Maximum 
speed of the nodes  and the simulation time. On the basis of the 
input given to this node movement generator this will generate 
the scenario file. Communication file or traffic file can also be 
generated automatically with the help of a tool available in the 
ns-2 which is known as the CBR generator. This tool generates the 
traffic on the basis of the parameters passed to the CBR generator. 
The output generated by the network Simulator is in the form of 
the trace file and animation can be seen on the Network animator. 
The Perl scripts will be used to analyze the trace files generated 
by the simulation.

A. Simulation Scenario 
For comparing the performance of the three suggested approaches 
the following simulation scenario has been used on the Network 
Simulator. A rectangular area of the 800 X 600 m has been used 
for studying the performance of the system. The rectangular area 
has been chosen to force the nodes to have the longer routes 
between the nodes than would occur in the square area with equal 
node density. The two gateways have been placed on the in the 
rectangular area at the (200,400) and (600,400) on the 800 X 600 
grid. The simulations have been run for the 15 mobile nodes and 
the simulation time for all the simulation has been chosen to be 
900 sec. In the simulation two gateways, two router and two host 
nodes have been taken. Five mobile nodes have been chosen as the 
source nodes which continuously keep on sending the data packets. 
The data packets generated by these mobile nodes are destined for 
the two host nodes located on the wired network. The five source 
nodes which generate the traffic have been chosen randomly and 
have been spread randomly in the 800X600 area.

B. Simulation Parameters 

1. Fixed Parameter
The following fixed parameters have been used for all the 
simulations carried out for this simulation.

Fig. 2: The Fixed Parameter used for the Simulation

The transmission range is the maximum distance the two mobile 
nodes can communicate with each other. If the distance between 
the two mobile nodes is greater that this distance then these two 
nodes cannot communicate with each other directly. 

(i). Movement Model
The Mobile nodes move according to the Random Way Point 
Model [8]. The mobile nodes in this model are initially placed at 
the random location in the specified area. Then at the start of the 
simulation these mobile nodes selects a random destination and 
then these mobile nodes starts moving toward that destination 
with the random speed chosen from the speed range (0- 10 m/s).
After reaching at the destination this mobile node waits for the 
specified pause time and then this mobile node again chooses a 
random destination and moves toward that random destination 
with the random speed. This movement pattern is repeated for the 
duration of the Simulation. In the simulation the movement have 
been generated with the Carnegie Mellon University’s movement 
generator (setdest).

setdest –n <num_of_nodes> -p pause –tine –s < 
maxspeed > -t <simtime > -x <maxx> -y <maxy>

The no of nodes, pause time, maximum speed and the topology 
size is provided as the argument to this movement generator.

(ii). Traffic Source
The traffic source type chosen in the simulation study for this 
thesis was the CBR traffic  i.e. Constant Bit Rate traffic .In the 
scenario used in this thesis five mobile nodes have been chosen 
randomly as the source node and there are two fixed nodes on the 
wired network which works as the destination node. The mobile 
nodes generate the five packets per second.  

2. Variable Parameter
For comparing the performance of the three fixed network gateway 
detection mechanisms, the two parameters have been varied. The 
pause time of the mobile nodes has been varied in the range of 
0-100 seconds. The pause time is the time for which a mobile 
node will remain stationary at a location before moving to the 
location. If the pause time is higher than the mobile network will 
behave just like the static network. If the pause time is lower than 
the network nodes are highly dynamic.

Fig. 3: Varied Parameter used for the Simulation

The second parameter varied for the simulation and the comparison 
of the three approaches is Gateway discovery period. This is the 
advertisement interval used by the fixed gateway to transmit the 
Gateway advertisement packet used in the fixed node initiated 
discovery and the mixed approach. 

C. Performance metrics 
For the comparison of the three fixed network gateway 
detection approaches the following three performance metrics 
were considered. The variation in the performance of the three 
approaches was studied by varying the pause time [14], of the 
mobile nodes and the gateway advertisement periods for the 
Gateway advertisement packets.
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1. Packet Delivery Fraction
 The ratio of the data packets delivered to the destinations to those 
generated by the CBR sources.

2. Average End-to-End Delay of Data Packets
This 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 for all the 
data packets.

3. Normalized Routing Load
 The number of routing packets transmitted per data packet 
delivered at the destination. Each hop-wise transmission of a 
routing packet is counted as one transmission.

VI. Simulation Results and Analysis
For the analysis of the results the graphs have been drawn between 
the performance metrics properties and the varied parameters 
.Each point in the graphs have been taken as the average of the 
nine simulations run on the same set of traffic but with different 
randomly generated mobility patterns.

A. Packet Delivery Fraction
Fig. 4, shows the relationship between the packet delivery fraction 
(%) and the pause time. The pause time has been varied in the range 
of 0-100 and simulation has been run for the pause time periods 
0, 5, 10, 25, 50, 100. (Mobile Nodes – 15, Traffic source -5).

Fig. 4:(a). Packet Delivery Ratio (Advertisement interval: 2 
sec)

Fig. 4: (b). Packet Delivery Ratio (Advertisement interval: 10 
sec)

Fig. 4: (c). Packet Delivery Ratio (Advertisement interval: 30 
sec)

In fig.  4 (a), fig. 4 (b), fig. 4 (c), Packet delivery function has been 
plotted against the pause time for a particular value of Gateway 
advertisement period. Each of the three different colored lines 
corresponds to an approach used for the discovery of the gateway. 
Three approached used are ‘Fixed node initiated’, ‘Mobile node 
initiated’ and ‘Mixed mode’. The figs. Fig. 4 (a), fig. 4 (b), fig. 
4 (c), show the variation of the PDF for gateway advertisement 
periods 2, 10 and 30 respectively. As can be observed from the 
plots, the packet delivery ratio is quite high (98%-99.99%) for 
all three approaches. The pattern in the graphs indicates that the 
packet delivery ratio is low for smaller values of pause time, which 
corresponds to highly mobile nodes. In case of highly mobile 
nodes, link failures can happen very frequently. Each link failure 
triggers new route discovery process since the only existing route 
(at most one route per destination is store in routing table) has 
broken down. Thus, the frequency of route discoveries in AODV 
is directly proportional to the number of link failures. The Packet 
delivery ratio improves as the pause time increases, which means 
decreasing mobility and hence fewer link failures.
Though the difference between the three approaches is very less, 
the fixed node initiated and mixed mode approaches have slightly 
better packet delivery ratio. the mobile node which receives 
the RREP_I or GWADV packet updates it routing table for the 
gateway, so this mobile node has fresh route to the gateway and 
hence the chances of the link breaks are less. Since it takes some 
time for the source node to identify the link break until it gets 
the RERR message from the node which has the broken link, by 
that time source node has transmitted some of the data packets 
and those packets are lost. So the performance of the fixed node 
initiated approach and mixed mode approach is slightly better 
than the mobile node initiated approach.
As can be seen from the fig. 4 (a), fig. 4 (b), fig. 4 (c), the packet 
delivery ratio of the fixed node initiated approach and mixed 
mode approach is slightly better than the packet delivery ratio 
of the mobile node initiated approach particularly at the lower 
values of the gateway advertisement period i.e. at 2, 10.When 
the mobility of the nodes is high then the three approaches have 
almost equal packet delivery ratio irrespective of the Gateway 
Advertisement period because a large no of route breaks are there. 
As the Gateway advertisement period increases, the mobile nodes 
get the information regarding the fixed network after a long delay 
and they don’t have the fresher routes to the gateway. So the benefit 
of the fixed node initiated approach and mixed mode approach 
vanishes as the advertisement period increases. (Mobile Nodes 
– 15, Traffic source -5).
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Fig. 5:(a). Fixed Node Initiated (Advertisement interval: 2-30)

Fig. 5:(b). Mixed Mode (Advertisement interval: 2-30 sec)

In fig. 5(a), fig. 5(b) the graphs have been plotted between the 
pause time and packet delivery fraction for the fixed node initiated 
approach and mixed mode approach for the various values of the 
Gateway advertisement period (2-30).Graphs clearly shows that 
the packet delivery is better in both the cases when the gateway 
advertisement periods is less. When the gateway advertisement is 
sent at the shorter interval of time then the mobile nodes have the 
information about the fresher routes to the fixed network. When 
the mobile nodes have the fresher routes to the fixed network then 
the chances of the packet losses due to link break is minimum. 
Hence the performance of these two protocols is better at the lower 
values of the Advertisement period. But at the very high mobility 
and the very low mobility these Gateway Advertisement period 
does not have significant effect on the PDF.

B. Normalized Routing Load 
The fig. 6 (a), fig. 6(b), fig. 6(c),  the three different colour  lines 
shows the variation in the Normalized routing load for the three 
approaches used for the Gateway discovery i.e. Fixed node 
initiated, Mobile node initiated and mixed mode with the Pause 
time. fig. 6 (a), fig. 6(b), fig. 6(c), also shows the variation of 
the Normalized routing load for the three different values of the 
Gateway advertisement period (for the gateway advertisement 
period 2, 10, 30). As can be seen from the, fig. 6 (a), fig. 6(b), 
fig. 6(c), that as the pause time increases i.e. low mobility, the 
Normalized routing load slightly decreases for all the three 
approaches. This decrease in the routing load can be attributed 
to the less no of link breaks. When the mobility of the nodes is 
less then there are less no of link breaks so mobile nodes need 
not to update their information for the fixed network gateway. 
So, mobile nodes have the fresher routes to the Gateway. So ,less 
route discoveries take place which result in the less no of RREQ_I 
packets transmission by the nodes when they want to communicate 
with the wired network.
As can be seen from the, fig. 6 (a), fig. 6(b), fig. 6(c), the Normalized 
routing load of the fixed node initiated and mixed mode approach 
is considerably higher than the mobile node initiated approach of 

the network discovery. This is an expected result since in the fixed 
node initiated and mixed mode approach the gateway continuously 
keep on sending the gateway advertisement packet to the mobile 
nodes irrespective of the needs of the mobile nodes. Where, as 
in the Mobile node initiated approach the mobile node sends the 
route request packets only when it needs to communicate with the 
wired network. (Mobile Nodes – 15, Traffic source -5 ).

Fig. 6:(a). Normalized Routing Load (Advertisement interval: 
2 sec)

Fig. 6:(b). Normalized Routing Load (Advertisement interval: 
10 sec)

Fig. 6:(c). NRL (Advertisement interval: 30 sec)

In the fig. 7(a), fig. (b), the graphs have been plotted between the 
pause time and Normalized routing load for the fixed node initiated 
approach and mixed mode approach for the various values of the 
Gateway advertisement period (2-30).Graphs clearly show that the 
Normalized routing load is decreases as the Gateway advertisement 
period increases because less no of Gateway advertisement packets 
are generated.( Mobile Nodes – 15, Traffic source -5 ).
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Fig. 7:(a). Fixed Node Initiated (Advertisement interval: 2-30)

Fig. 7:(b). Mixed Mode (Advertisement interval: 2-30 sec)

When the gateway Advertisement period is small then a large no 
of advertisement packets are transmitted by the fixed nodes in the 
network and hence a lot of overhead traffic is generated.

C. Average End-to-End Delay
In the fig. 8(a), fig. (b), fig. (c), the three different colour  lines 
shows the variation in the average end to end delay for the three 
approaches used for the discovery of the gateway i.e. Fixed node 
initiated, Mobile node initiated and mixed mode. Fig. 8(a), fig. (b), 
fig. (c), also shows the variation of the average end to end delay for 
the three different values of the Gateway advertisement period (for 
the gateway advertisement period 2,10, 30). As can be seen from 
the, fig. 8(a), fig. (b), fig. (c), average end to end delay of the fixed 
node initiated and mixed mode approach is considerably less than 
the mobile node initiated approach of the network discovery. This 
kind of result was expected because the Gateway advertisement 
information transmitted by the fixed network gateway enables the 
mobile nodes to update their information about the wired networks 
gateways and they have the updated information and fresher as 
well smaller routes to the Gateway at most of the time. But in case 
of the mobile node initiated approach the mobile node has to first 
look for the route to the wired network and it has to set up the 
new route to the destination if it doesn’t have the route. All this 
time increases the delay and wait period for the data packets to 
be transmitted to the destination. More over in case of the mobile 
node initiated approach a mobile node continues to use already 
existing route until it is broken. Sometime, this route can be the 
longer route and the mobile node will always use this route if it 
is not broken. It may be the case that the mobile node is very near 
to some other gateway but it will not use this route. All these data 
packets will have the longer end to end delay which will slightly 
increase the average end to end delay of the overall system.
In the fig. 9(a), fig. 9(b), the graphs have been plotted between the 
pause time and Average end to end delay for the fixed node initiated 
approach and mixed mode approach for the various values of the 
Gateway advertisement period (2-30). As can be seen that the 

average end to end delay in case of the fixed node initiated and the 
mixed approach is slightly higher when the gateway advertisement 
period was smaller i.e.2. this is unexpected result because when 
the value of the Gateway advertisement is low then the mobile 
nodes has the updated and fresh route to the gateway. So end 
to end delay should be less. But this higher value of the end to   
End delay can be attributed to the higher no of the advertisement 
packets in the network. Which will cause the data packets to wait 
for the longer period of time at the interface queues because the 
control packets have the higher priority over the data packets. 
Hence the end to end delay for some data packets increases which 
increases the Average end to end delay. At the pause to 25 these 
three protocol’s behaviour was unexpected this was largely due 
to drop of the various packets at the RTR level.

Fig. 8:(a). End-to-End Delay (Advertisement interval: 2 sec)

  Fig. 8: (b) End to end Delay (Advertisement interval: 10 sec)

Fig. 8:(c). End-to-End Delay (Advertisement interval: 30 sec)

As can be seen from the fig. 9(a), fig. 9(b), that at the higher 
values of the pause time the Average end to end delay becomes 
equal irrespective of the Gateway advertisement period. This is 
the expected behaviour because at the higher pause time value 
the mobile nodes in the adhoc network work just like the wired 
network and there is no movement and no link breakages so there 
is no loss of data. So at the higher values of the pause time end 
to end delay is very small.
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Fig. 9:(a). Fixed Node Initiated (Advertisement interval: 2-30 
sec)

Fig. 9:(b). Mixed Mode (Advertisement interval: 2-30 sec)

If we compare the graphs in the fig. 5(a), fig. (b), with the graphs 
in the fig. 9(a), fig. 9(b), we see that they are just reverse of each 
other, which shows that when the end to end delay are more for the 
packets then the packet delivery ratio is less hence more packets 
are lost so less packet delivery fraction.
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