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Abstract — Pattern design plays a vital role in establishing 
network communication in Ad-hoc network scenario. The 
real challenge to the researchers is designing the 
communication architecture to vehicular network. 
Vehicular network architecture design is difficult, since the 
movement of the vehicle speed is high. The existing 
vehicular network architecture forms the network 
communication but the communication is not reliable and 
the message transmission time is high. However a new 
architecture design is required to establish fair network 
communication among vehicles. This paper presents a novel 
cluster based vehicular network architecture for Manhattan 
Mobility Model and the proposed model is analyzed with 
various routing protocols. The result and analysis of the 
proposed model show clearly that the Cluster based 
Manhattan Mobility Model produces reliable 
communication. The proposed Cluster scheme reduces the 
message transmission time obviously. 
 
Index Terms —MANET, VANET, RSU, DSDV, AODV, 
DSR. 

I. INTRODUCTION 

 The present lifestyle of people throughout the world 
made many people use vehicles to travel from one area to 
another area [1]. VANET is a new class of MANET, 
where vehicles are considered as nodes to establish the 
network communication [2]. This special kind of 
MANET known as VANET supports high mobility speed 
network communication [3, 4, 5, 6, 7]. Vehicular ad hoc 
network allows exchanging of messages among vehicles 
Road Side Unit (RSU) [2]. VANET communication is 
mainly used in many applications such as sharing files, 
and real time traffic information [8]. Vehicles that move 
on the roads are connected with other vehicles or with 

Road Side Units. This makes all the vehicles that are 
connected within the network area to pass the 
communication message to other vehicles. 
 The mobility pattern of MANET is at random, 
whereas the mobility pattern of VANET is restricted 
within the given topology (Road) [9]. Memory and 
processing capabilities of VANET nodes are so high, that 
these factors must be considered while designing the 
protocol for VANET communication [9]. The 
fundamental aim of vehicular network communication is 
to increase the comfort of passengers and drivers [10].  
Vehicles act as the communication node to exchange 
messages such as road condition, accident warning, 
traffic information, breakdown, fuel services and so on 
with other vehicles. Every vehicle is manufactured with a 
special unit known as On Board Unit (OBU), which is 
used to send and receive the messages from one vehicle 
to another vehicle [11, 12, 22]. Communication is 
possible with some protocols, which is used to transmit 
and receive the messages in VANET [13, 14]. However 
this sort of wireless network communication must be 
reliable and its performance should be high. This paper 
proposes a new model VANET architecture 
communication, which produces better performance and 
reliable network communication. 

II.  RELATED WORK 

 Traffic control system is very important in guiding 
the vehicles moving on the road [15]. The existing traffic 
control patterns are static, which makes the car wait for a 
long time at the intersection points [15]. Obviously a 
dynamic pattern design is needed according to the 
demand of the vehicle that reduces the vehicle waiting 
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time at the intersection points using car-to-car 
communication to adjust the timing pattern of the traffic 
control system [15]. Owing to the high mobility of 
vehicle nodes, Routing is the real task in vehicular 
communication [16]. Vehicular safety is another issue in 
VANET architecture. Various research attempts have 
been made to increase the safety of the passengers and 
drivers of the vehicle. 
 Observations of the previous research work in this 
area state that most of the existing work in VANET 
communication is established on the basis of vehicle to 
infrastructure model. In this model On Board Unit (OBU) 
is embedded in each vehicle to transmit the position of 
the vehicle to the trusted server periodically [17]. The 
transmitted location from the On Board Unit is tested 
with the Road Side Unit (RSU) to verify its trust 
worthiness [17]. Only a few research works have been 
carried out in vehicle to vehicle communication. For an 
efficient V2V communication cluster based VANET 
(CBVANET) architecture is presented [18]. In this work, 
the communication area is divided into a number of 
cluster ranges based on the movement of the vehicles 
[18]. One vehicle is chosen as the cluster head within the 
cluster ranges and all the other vehicles within the cluster 
area are connected to the cluster head [18]. 
 The standards used in VANET communication are 
802.11 and 802.11p [19]. These two standards with 
various routing protocols such as DSDV, AODV, and 
DSR are tested in highway mobility model [19]. Among 
the protocols, AODV protocol yields better performance 
in highway environment [20]. The above mentioned 
standards and protocols are tested in Cluster based 
Manhattan Mobility Model and its performances are 
evaluated in this paper. 

III.  ARCHITECTURE 

A. Manhattan Mobility Model 
Vehicular Ad-hoc network communication is formed 

with various mobility models. However, all the mobility 
models provide the necessary information to the drivers 
and passengers for safety travel. One such mobility 
model is Manhattan Mobility model. This model uses the 
map file to control the vehicle movement properly and it 
is highly suitable for urban area. The path defined in this 
model is well-organized and predefined. 

The map contains a number of horizontal and 
vertical streets as the root guide to the drivers. The 
structure of the road in Manhattan Mobility Model 
composed of two lanes for each direction. The vertical 
street contains the north and south and the other 
horizontal street consists of east and west direction roads. 
The vehicle is allowed to move on the predefined lanes 
either horizontal or vertical as indicated in the map of the 
Manhattan Mobility Model. Vehicle can move left, right, 
straight with certain probability within the prescribed grid 
lanes of the map. 

The Mobility Generator tool is used to generate the 
Manhattan Mobility scenarios. The performances of the 
protocols, standards, Cluster and Sans Cluster concept are 
evaluated in these Manhattan Mobility scenarios. The 

trace files generated by these tools are compatible with 
the format required by Network Simulator. The generated 
trace file is given as input directly to the Network 
Simulator NS-2.34 and executes the simulation. Any 
number of scenarios can be created by modifying the 
appropriate parameters. 

B. Cluster Based Manhattan Mobility Model 
 Mobility model in city environment depends on the 
road structure and density of the vehicles. The trees, 
towers and buildings act as the obstacles for the network 
communication in city environment. Hence, the network 
communication in city environment is quite complex. 
The movement and speed of the vehicle in the urban area 
is slow, which promotes effective communication. 

 
Figure 1a. Sans Cluster Manhattan Model 

 Existing research work in the field of VANET 
communication was established with the help of Road 
Side Unit (RSU). RSU is expensive and more number of 
RSU is needed to make fair and effective Vehicular 
network communication. In order to avoid such 
expensive RSUs, the author proposed a novel VANET 
architecture [21]. The proposed model replaces the Road 
Side Unit and makes vehicle to vehicle communication as 
shown in the Figure 1a. 
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Figure 1b Cluster based Manhattan Model 

 However, V2V communication could not lead to 
effective communication because its message 
transmission time is high and it is unable to provide all 
the services requested by the vehicle. This paper proposes 
a novel cluster based Manhattan Mobility Model to 
increase the efficiency of the service discovery procedure 
as shown in Figure 1b. 

C. Cluster Creation Process in Manhattan Model 
 All the vehicles moving in the Manhattan Mobility 
Model are grouped together to form a cluster. The 
Algorithm 1 tracks the position of each node and 
identifies the speed of each vehicle. Cluster size will 
become smaller, when the average speed of the node is 
slow. Similarly, whenever the average speed of the 
vehicle is high, the algorithm creates a bigger size cluster.  

Algorithm 1: Cluster Creation Process 

 

 

Figure 2a Cluster Creation Time 

The cluster creation time of the Manhattan Mobility 
Model is presented for various cluster sizes in Figure 2a. 
When the number of clusters is low Manhattan Mobility 
Model provides low cluster creation time, and with the 
increase of the clusters, the cluster creation time increases 
proportionally. 

D. Cluster Head Election & Cluster Head Switching 
Procedure 
Algorithm 2 represents the working principle of head 

election and head switching procedure among the nodes 
within the cluster range. Based on the parameters 
described in Algorithm 2, the long life node is elected as 
the cluster head. Here the key note is, once the cluster 
head moves away from the cluster boundary, a new 
cluster head should be elected automatically. Following 
are the key points which should be considered in the 
election of cluster head. 

• Count the number of available nodes within the 
cluster range. 

• Track the position of node at time Tx using GPS. 
• Track the position of node at time Tx+10 using 

GPS. 
• Track the direction of the node. 
• Calculate the velocity of nodes using two 

positions Tx and Tx+10; 
• Identify the node that has less velocity and elect 

it as cluster head. 
Once cluster head is chosen, all the other nodes 

within the cluster range are connected to the cluster head. 
All the cluster heads are interconnected to form the 
VANET network. Whenever a node gets new information, 
the message is passed to the cluster head. The cluster 
head routes the message to all the other cluster heads. 
Whenever a cluster head reaches its cluster boundary the 
algorithm elects a new cluster head. As soon as a new 
cluster head is elected, the database of the old cluster 
head is transferred to the new cluster head. 

Cluster (N) 
{ 
 N = Number of Nodes; 
   Track the position of N; 
   Calculate the speed of each node 

from N; 
If (Average speed of node is slow) 
   Form the cluster size smaller; 
Else 
   Make the cluster size bigger; 
} 
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Algorithm 2: Cluster Head Election & Cluster Head Switching Procedure 

 
Figure 2b Cluster Head Election Time 

 Figure 2b shows the cluster election time which is 
estimated for different cluster sizes by varying the 

number of nodes. From the graph, it is noticed that when 
the number of clusters is low it yields high head election 
time. In the case of Manhattan Mobility Model better 
head election time is achieved, when the optimal number 
of clusters in the VANET network area is between 8 and 
12.  

E. Synchronization Procedure Call in Manhattan Model 
 Once synchronization procedure is called, it ensures 
that all the cluster heads should have the same data. This 
synchronization procedure call is executed at the 
predefined periodical time. However, it may be necessary 
to execute the synchronization procedure call by the 
cluster head at any time depending upon the service 
required by the node. 
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Figure 3 Synchronization Procedure Call Data Flow Chart 

 As represented in Figure 3 when a node makes a 
request for a service, the cluster head makes a search for 
the service. If the service is available, it sends the service 
information to the node. If the service is not available, the 
cluster head executes the synchronization procedure, 
which makes all the cluster heads are updated with the 
recently received information from one another. After the 
execution of    synchronization procedure call, the cluster 
head again    searches for the service requested by the 
node. If the service is available then the requested service 
is sent to the node; otherwise service not available 
information is sent to the node. 

IV. EXPERIMENTAL ANALYSIS 

A. Simulation Parameter 
 NS2.34 comprises the standards 802.11 and 802.11p. 
The NS2.34 is used to implement and test the 
performance of the proposed Cluster based Manhattan 
Mobility Model. Execution of VANET simulation in 
Manhattan Mobility Model could be done with the 
following parameters. 

 

 

 

TABLE 1  

SIMULATION PARAMETER 

 
 

B. Packet Receiving Time for Manhattan Model  
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Figure 4a Packet Receiving Time with Cluster 

 
Figure 4b Packet Receiving Time with &Sans Cluster 

 The Figures 4a and 4b illustrate the performance of 
packet receiving time for cluster 8 with varying nodes 
between 25 and 150 and the speed of the node is 5 m/s. 
From the Figure 4a it has been noticed that the VANET 
MAC layer standard 802.11p yields better packet 
receiving time than 802.11. Figure 4b shows the 
comparative study of packet receiving time for cluster 
and sans cluster based Manhattan Mobility Model. From 
the graph it is crystal clear that cluster based concept 
consumes less packet receiving time than non-cluster 
based approach. 

C. Packet Delay Time and Throughput Ratio 
 Effectiveness of network communication could be 
determined by the packet delay time and throughput ratio 
parameters. The performance of the packet delay time 
can be measured by the standards 802.11 and 802.11p for 

various clusters ranges from 2 to 15, as shown in Figure 
5a. The dedicated short range communication (DSRC) at 
5.9 GHz band allotted for intelligent transport system 
uses the IEEE 802.11p base. The frequency parameter 
Phy/WirelessPhyExt set freq_5.9e+9 or 5.85 GHz used in 
NS2.34 represents the operation on DSRC band. The 
transmission power of each vehicle is set to 
Phy/WirelessPhyExt set Pt_ 5.0e-2. The range of the 
communication is approximately 350 meters. The packet 
delay time of 802.11 and 802.11p are analyzed. Here the 
observation depicts that 802.11p has better performance 
because of the amendment of the above mentioned 
frequency and power parameters. It is also noted that 
AODV protocol consumes less packet delay time. 
Observations obtained from Figure 5b demonstrate that 
AODV protocol yields high packet throughput ratio using 
the standard 802.11p. 

 
Figure 5a Packet Delay Time 

 

Figure 5b Throughput Ratio 
D. Normalized Routing Load and Delivery Ratio 
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Figure 6a Normalized Routing Load                                             Figure 6b Packet Delivery Ratio 

The experimental result of Manhattan Mobility 
Model with DSR routing protocol is shown in the Figure 
6a and 6b respectively. The performance of DSR is 

evaluated with other routing protocols and identified that 
DSR provides better normalized routing load and packet 
delivery ratio. 

 

E. NAM output of Manhattan Mobility Model 

NAM file output of cluster based and sans cluster 
based Manhattan Mobility Model is shown in Figure 7a 
and 7b respectively. 

 

 
 

 

Figure 7a NAM output for Cluster based Manhattan Mobility Model 
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Figure 7b NAM output for Sans Cluster based Manhattan Mobility Model

Note 1:  In this research work the Proactive protocol 
DSDV and Reactive protocol AODV and DSR are used 
to analyses the performance of the Manhattan Mobility 
Model.  Experimental results depict that AODV protocol 
yields better performance compared to the DSDV and 
DSR protocols. Research analyses prove that the reactive 
protocol such as AODV and DSR are well suited for 
Vehicular Network communication. 
Note 2: In this paper, the standards 802.11 and 802.11p 
are used to compare the performance of Cluster based 
Manhattan Mobility Model and the routing protocols. 
The mobility of nodes in VANET is high; hence the 
standard 802.11p is highly suitable for Vehicular network 
than the standard 802.11. The Performance is tested for 
various parameters such as packet receiving time, packet 
delivery time, packet delay time, throughput, normalized 
routing load. 
Note 3: In the cluster based NAM output, the cluster 
creation algorithm elects various cluster heads and the 
data communication is established from source to 
destination through various cluster heads, whereas in the 
case of sans cluster model source to destination 
communication can be established through the 
intermediate nodes only. 

CONCLUSION 

 The characteristics of Manhattan Mobility vehicular 
network Model is completely studied in this paper. The 
ultimate challenge is designing the network architecture, 
since the movement of vehicles speed is high. The study 
of previous research work notifies clearly that the 
network communication in VANET is not reliable and its 
message communication time is very high. The message 
transmission time in Manhattan Mobility Model is the 
biggest task. The drawback can be overridden by 

applying novel cluster based network architecture in 
Manhattan mobility model. In this approach the service 
request by the nodes is efficiently handled by the cluster 
heads. The experimental results clearly show that the 
cluster based Manhattan Mobility Model with 802.11p 
increases the efficiency of the network parameters. 
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