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ABSTRACT
A MANET is a type of wireless network which does not require any predefined infrastructure to get established
and is a collection of mobile nodes forming a network by their own. The performance of MANETS depends upon
various factors such as- routing technique, size of network, density of network, power and bandwidth etc.
Mobility model is a representation of reality of a scenario in which nodes may move in real environment. It
provides an insight that how each node may move under given circumstances. The aim here is to study the
impact of mobility models on the performance of routing protocols in mobile ad hoc networks. For analysis
purpose we have chosen the AODV (ad-hoc on-demand distance vector routing protocol) and DSR (dynamic
source routing protocol). The performance is evaluated and analyzed for two mobility models Random
Waypoint and Manhattan Grid through simulation. We have designed another scenario named CSM (City
Scenario Model) and analyzed it along with the aforementioned modes. The performance metrics like packet
delivery ratio, average end-to-end delay, normalized routing load, and throughput are evaluated using network
simulator NS2 with varying node density and varying maximum allowable velocity in the network.
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I.

INTRODUCTION

A MANET is a collection of mobile nodes connected via wireless links and creating a network
autonomously and without any predefined infrastructure. In a MANET, nodes move independently,
therefore the network experiences rapid and unpredictable topology changes. It may node be possible
for each node in a MANET to communicate with every other node due to restriction of transmission
range. So, MANET is a multi hop network in terms of routing paths as shown in Fig.1. MANETs
have several advantages such as ease of configuration and deployment, low cost, rapid access and
easy scalability.

Figure 1. MANET

II.

DESCRIPTION OF ROUTING PROTOCOLS

2.1 Dynamic Source Routing Protocol (DSR)

127

International Journal of Engineering Sciences & Emerging Technologies, June 2013.
ISSN: 2231 – 6604
Volume 5, Issue 2, pp: 127-143 ©IJESET
DSR is a simple on-demand protocol that is designed to meet the requirements of a multi-hop
MANET. Route request packets (RREQ) and Reply route Packets (RREP) are used for route
establishment. Network nodes use multiple- hops to communicate with each other.
Route Discovery in DSR: Route discovery is done by DSR to find the route and to send the

data from a source to destination where the source node is not aware of the destination route.
For example, in fig 2, Let us assume node 'S' wants to find a route to node 'I'.
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Figure 2. DSR Route Discovery

Initially node 'S' sends 'RREQ' (Route Request) which is broadcasted in the network and
received
by immediate neighbours. This request has information about the source and the destination along
with unique request identifier. RREQ also retains the information about all the intermediate nodes
visited by while reaching the destination. When the destination ‘I’ gets the RREQ packet, it will send
the 'RREP' (Reply Route) to the source node 'S' through reverse route. ‘RREP’ has a copy of the
route information of the RREQ then the source cache information to use in further communication
process.
Route Maintenance in DSR: DSR protocol enables the route maintenance procedure while
transmitting the packets from source to destination. When the route between the source and the
destination is broken or else a change in topology is observed. It will result in failure of the packet
transmission between source node and destination node. In this case, DSR protocol uses the route
maintenance procedure, to find out other possible known route towards the destination to transmit
data through cached routes during route discovery process. If the route maintenance fails in finding an
alternative route it will invoke the route discovery process to find a new route to the destination.

2.2 Ad-hoc On-demand distance vector routing protocol
In AODV the source node and the intermediate nodes store the next hop for each flow for data packet
transmission. The major difference between AODV and other on demand routing protocol DSR is that
AODV uses a destination sequence number (DSN) for every route entry to resolve up-to-date and
fresh path to destination [2].
Route Discovery: DSN is created by the destination. The DSN and the respective route information
should to be included by the nodes to find out the routes to destination nodes. Routes with the higher
DSN are preferred in selecting the route to destination. Fig. 3 shows AODV route discovery process.
AODV uses Route Request (RREQ), Route Replies (RREP) and Route Error (RERR) in finding the
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route from source to destination by using UDP (user datagram protocol) packets. A source node ‘S’
aiming to communicate with destination ‘I’, generally uses the RREQ containing the source address
and the broadcast ID address to its neighboring nodes to find the route to the destination. This
broadcast ID is incremented by 1 for every new RREQ. When a neighbor notices a destination route it
responds with RREP to the source. If the destination route cannot be found then it will re-broadcast
the RREQ to its neighboring nodes by incrementing the hop count. In this process a node may receive
multiple copies of the broadcast packets in transmissions from all the corresponding nodes. Now the
node will check if the Broadcast ID is new, if it is so the then the node will process the request else it
will ignore the re-broadcast.
Route Maintenance: When a route breaks in AODV, which is determined by monitoring the
periodical signals or by link-level acknowledgements, the end nodes are informed. When a source
node notices the route break, it again sets up the route to the destination. If a route break is found at an
intermediate node, the node tells the end nodes by sending unsolicited RREP with the loop count set
to infinity. The source node re-launches the path finding mechanism with the new a broadcast ID and
the previous destination sequence number (DSN). The nodes react to the any change in network
topology and path failures. In case of the path failures the respective nodes are informed with the
message, and then the affected nodes will withdraw the routes using the lost path. This makes the
operation of AODV “Loop free”.
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Figure 3. AODV Route Discovery

III.

MOBILITY MODELS

A mobility models represent the way nodes might move in a real world environment. A mobility
model is designed to represent the movement patterns, their location at a particular instance of time,
direction of movement, pause pattern, and speed changes over time of the mobile nodes in a given
scenario.

3.1 The Random Waypoint Model (RWP)
The idea behind Random waypoint model is continuously choosing a waypoint (destination)
by the node and moving towards it. The node chooses a new waypoint after waiting for a
defined pause time and it moves with a uniform speed randomly chosen between the defined
speed range V[MAX,MIN] in the given simulation area. Now the node will move for the
given pause time and will again choose a waypoint to visit. Fig. 4 shows the movement of a
single node in the random waypoint model. We should avoid from giving a long initial period
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because randomly distributed nodes (at the starting of the simulation) may take some time to reach a
stationary distribution.
x5,y5

x3,y3
x1,y1

N

x2,y2
x6,y6

x4,y4

Figure 4. Sample movement of node N in RWM

3.2 Manhattan Mobility Model
Many well planned cities are divided into blocks that have uniform distribution of roads and
buildings. Manhattan model was designed to emulate the scenario of movement pattern of mobile
nodes on such roads/streets. It’s very helpful in emulating the movement in an urban area. The
scenario, as shown in Fig. 5, contains rectangular buildings and streets which run along the buildings,
where mobile nodes are pedestrians moving on the streets and not visiting the buildings.

STREETS

Figure 5. Movement of Node in Manhattan Mobility Model

At the starting of the simulation the nodes are distributed randomly across the streets. Each node
chooses a direction to move and initial velocity. At the crossing of streets (intersection of horizontal
and vertical streets) probability based decision is taken by the node independently that in which
direction to move. When a node reaches the corner node changes its direction with certain probability.
The velocity of the nodes keeps on changing time to time.

3.3 City Scenario Mobility Model
All the mobility models predict the nodes movement in the real world scenario. Single mobility model
cannot accurately depict the same scenario as in the real world circumstances. Some real world
scenarios are such that it can be depicted using two or more mobility model. In the paper, Random
Waypoint model and Manhattan model are combined to depict a scenario where initially the nodes are
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within the premises and after some time they move out on the streets of the city. For example,
employees of an organization move out of the premises after office timings to reach their destination.
In the premises they are allowed to move randomly while outside the premises they can move only on
streets and paths within city limits. The properties of City Scenario model are almost same as that of
Random Waypoint model and Manhattan model.
Premise

Premise

Figure 6: Node movement in City Scenario Mobility Model

IV.

SIMULATION

AODV and DSR routing protocols can be implemented using Network Simulator 2.35. Network
Simulator [18] is a discrete event simulator targeted at networking research. It provides substantial
support for UDP and TCP routing and multicast protocols over wired and wireless networks. Using
Xgraph, a plotting program, we can create graphical representation of simulation results. All the work
is done under Linux platform, preferably Linux kernel higher than 2.8.

4.1 Performance metrics
Performance metrics [4] that are used for evaluation and comparison of the routing algorithms are:
Packet Delivery Ratio (PDR): represents the ratio between the numbers of packets received by the
destination to the number of packets sent by the source.
𝑃𝐷𝑅 =

∑ 𝐷𝑎𝑡𝑎 𝑝𝑎𝑐𝑘𝑒𝑡𝑠 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑
∑ 𝐷𝑎𝑡𝑎 𝑝𝑎𝑐𝑘𝑒𝑡𝑠 𝑠𝑒𝑛𝑑

Throughput: represents the average rate of successful packet delivery per unit time over a
communication channel.
𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 =

∑ 𝑃𝑎𝑐𝑘𝑒𝑡 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑
𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑡𝑖𝑚𝑒

Average Delay: which is the difference between the time when packet is sent by the sender node and
the time when the packet arrives at the destination node. It includes all kinds of delays like queuing
delay, propagation delay, etc.
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑒𝑙𝑎𝑦 =

𝑖
𝑖
∑𝑁
𝑖=0(𝐻𝑟 − 𝐻𝑡 )
𝑁

where 𝐻𝑡𝑖 is the time instant packet is send by source, 𝐻𝑟𝑖 is the time instant packet is received by
destination and N is the total number of packets received.
Normalized Routing Load: the normalized routing load is defined as the fraction of all routing
control packets sent by all nodes over the number of received data packets at the destination nodes.
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This metric discloses the efficiency of the routing protocol. The larger this fraction is, the less
efficient will be the protocol.
𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑 𝑅𝑜𝑢𝑡𝑖𝑛𝑔 𝐿𝑜𝑎𝑑 =

∑ 𝑅𝑜𝑢𝑡𝑖𝑛𝑔 𝑝𝑎𝑐𝑘𝑒𝑡𝑠 𝑠𝑒𝑛𝑑
∑ 𝐷𝑎𝑡𝑎 𝑝𝑎𝑐𝑘𝑒𝑡 𝑅𝑒𝑐𝑒𝑖𝑣𝑒𝑑)

4.2 Simulation configuration
While analyzing the performance of ad hoc routing protocols, some parameters of the networking
context should be considered carefully like Network size (number of nodes in the network), Network
connectivity (average number of neighboring nodes), Rate of change in topology ( change in network
topology due to mobile nodes) ,Link capacity (effective speed of link) and Mobility pattern (relevant
to change in performance of routing protocols).
The performance evaluation of routing protocols under the three mobility models was done in the
simulation area of 1000m x 1000m for the duration of 100 seconds. The nodes use UDP traffic for
communication with CBR traffic pattern. The size of each data packet is 512 bytes. The movement of
node depends on the mobility scenario in which the simulation is performed.
The simulation is divided into two categories:
4.2.1 Varying nodes
The network size is change after every simulation for each routing protocol while keeping other
variable constant. Scenario that is configured for the simulation is shown in the following table 1:
Table 1. Scenario of Simulation varying Network Size
Number of nodes
10, 20, 30, 40, 50
Simulation time
100s
Maximum speed
10m/s
Network area
1000m x 1000m
Traffic type
CBR
Agent
UDP
Packet size
512 bytes

4.2.2 Varying speed
The maximum allowable speed of each node is varied for every simulation for each routing protocol
while keeping node density and other variable constant. Scenario configuration is shown in table 2:
Table 2. Scenario of Simulation varying Maximum Speed

Number of nodes
Simulation time
Maximum speed (m/s)
Network area
Traffic type
Agent
Packet size

V.

40
100s
5, 10, 15, 20, 25
1000m x 1000m
CBR
UDP
512 bytes

RESULTS

5.1 Varying network size
5.1.1 AODV Routing Protocol Performance
On varying the network size AODV shows the following characteristics under the three mobility
models while increasing the number of nodes with each simulation:
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Figure 7: AODV Throughput vs Nodes

Figure 8: AODV Packet Delivery Ratio vs Nodes
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Figure 9: AODV Average Delay vs Nodes

Figure 10: AODV Normalized Routing Load vs Nodes

The throughput (fig. 7) and packet delivery ratio (fig. 8) in Manhattan model shows the same
characteristics as it is good for less number of nodes and as the number of nodes increases throughput
in Manhattan model degrades. The throughput and packet delivery ratio in City Scenario and RWP
model is low, consistent and increases with the increase of nodes. The average delay and normalized
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routing load in Random Waypoint model is very high while in City Scenario model average delay and
normalized routing load is comparably low which makes the AODV feasible for City Scenario model.

5.1.2 DSR Routing Protocol Performance
On varying the network size DSR shows the following characteristics under the three mobility models
while increasing the number of nodes with each simulation:
The throughput (fig. 11) and packet delivery ratio (fig. 12) of DSR is much better than AODV for all
three models. The throughput of DSR in Manhattan model is very irregular which makes it infeasible
in such mobility. The throughput and packet delivery ratio of DSR in City Scenario model is
consistent and gradually increases with increase in number of nodes also the throughput and packet
delivery ratio in comparison to AODV is better. In City Scenario model DSR shows better
performance with respect to average delay (fig. 13) but the normalized routing load (fig. 14) is very
high in comparison under other two mobility model while AODV is better in comparison with
normalized routing load under City Scenario. DSR is better for routing when there is less number of
nodes and there is high connectivity within the network.

Figure 11 DSR Throughput vs Nodes
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Figure 12: DSR Packet Delivery Ratio vs Nodes

Figure 13: DSR Average Delay vs Nodes
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Figure 14 DSR Normalized Routing Load vs Nodes

5.2 Varying speed
5.2.1 AODV Routing Protocol Performance
On varying mobility (speed) AODV shows following characteristics under three mobility models
while increasing mobility of nodes:

Figure 15 AODV Throughput vs Speed
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Figure 16 AODV Packet Delivery Ratio vs Speed

Figure 17 AODV Average Delay vs Speed
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Figure 18 AODV Normalized Routing Load vs Speed

AODV under the City Scenario and RWP model shows better throughput (fig. 15) with the increase in
maximum allowable node mobility speed. The throughput of AODV in Manhattan model degrades
continuously with the increase in speed of nodes. In RWP model, AODV performs better with respect
to packet delivery ratio (fig. 16) while the performance in Manhattan and City Scenario model the
performance fluctuates very much due to highly dynamic network topology. The average delay (fig.
17) in City Scenario model is least and consistent for AODV in comparison to other two mobility
model while increasing the mobility and speed in the network. The normalized routing load in
Manhattan model is very high which makes AODV infeasible in this model. The performance shown
by AODV in high mobility under City Scenario model with respect to normalized routing load (fig.
18) is good which makes it efficient in such mobility scenario.
4.2.2 DSR Routing Protocol Performance
On varying the speed DSR shows the following characteristics under three mobility models while
increasing speed with each simulation:
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Figure 19. DSR Throughput vs Speed

The throughput (fig. 19) of DSR is better in City Scenario and RWP model while increasing the
maximum allowable speed while the throughput in Manhattan model degrades continuously. The
packet delivery ratio (fig. 20) of DSR is better in Random Waypoint. The packet delivery ratio
degrades smoothly in City Scenario model while in Manhattan model there is a sudden degradation
with increase in speed. The average delay and normalized routing load (fig. 21 and fig. 22) of DSR in
City Scenario mobility model is better in comparison to with in Manhattan and Random Waypoint
mobility model. But, the average delay and normalized routing load of AODV is better than that of
DSR in City Scenario model.

Figure 20. DSR Packet Delivery Ratio vs Speed
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Figure 21. DSR Average Delay vs Speed

Figure 22: DSR Normalized Routing Load vs Speed

The normalized routing load of AODV is better than in DSR which makes AODV better than DSR in
such scenario of high mobility.With increasing mobility or number of nodes in the network, the
performance of the protocols decreases. The degree of decreased performance is enormous, mainly
due to network gets congested of routing overhead as the topology of the network becomes highly
dynamic in nature.

VI.

CONCLUSION

In this paper the impact of the chosen mobility models on the performance of two reactive routing
protocols in mobile ad hoc networks is evaluated and analyzed through simulations. The simulation
experiments were conducted for the Random Waypoint, Manhattan and City Scenario model (a
combination of Random Waypoint Model and Manhattan Model) with varying number of nodes and
varying speed. The performance of the protocols was evaluated in terms of packet delivery ratio,
average end-to-end delay, normalized routing load, and throughput. The results show that the mobility
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model has significant impact on the performance of the routing protocols. It is found that Random
Waypoint mobility model, which is widely used in simulations of MANET cannot be applicable in
each scenario. The City Scenario mobility model performed better than other mobility models for
under the simulated scenarios.
AODV had a lower packet delivery ratio, higher normalized routing and a higher end-to-end delay
than DSR. In networks with a small number of nodes and low mobility, AODV did not suggest a good
solution as a routing protocol. However, AODV had better performance in networks with higher
mobility and a greater number of nodes. Simulation results in those networks suggest that AODV
presented a higher packet delivery ratio and a lower normalized routing load than DSR. DSR
presented the best performance in terms of packet delivery ratio and end-to-end delay. In most cases,
DSR presented the lowest normalized routing loads, showing that source routing proves to be an
efficient routing mechanism in networks with a small number of nodes and high connectivity because
it utilized the wireless medium for data traffic in a better way than the other protocols. DSR
performance decreased in networks with higher mobility, disclosing that source routing could not
efficiently adapt the network topology changes that were caused by the frequent movement of the
mobility nodes. The same set of observations was obtained when comparing DSR performance in
networks with an increasing number of nodes. Under that scenario, DSR presented lower performance
than AODV in terms of the packet delivery ratio and end-to-end delay.
The three mobility patterns used in the paper depicts some of the real life scenarios that assists in
simulating and pre-analysing routing protocols before it can be implemented in real world. The
routing protocols behaviour and characteristics changes with the change in mobility pattern of the
participating nodes. The network size, mobility speed and nodes movement pattern decides the overall
performance of the protocols. Synthetic mobility patterns are useful where the movement pattern of
the user can be traced in real world and those movement patterns is fixed but in scenarios where the
node movement cannot be traced and movement is not fixed then depicting the mobility pattern
according to situation and circumstances is a much better option. The objective is to depict such a
scenario for movement of participating users in urban cities which is clearly depicted by City Scenario
Mobility Model.
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