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Abstract- Vehicular Adhoc Network (VANET) is a special type of  
Intelligent Transport System (ITS), where the mobile nodes are 
cars, two wheelers, trucks, buses etc., that move on well organized 
and predefined roads in both direction at very high speed. 
Following traffic rules, the vehicles provide communication with 
each other directly (Inter Vehicle Communication - IVC) or 
indirectly through the Road Side Unit (RSU). Usually vehicles, 
which move outside the city area, do not get the response from the 
Road Side Unit, as its availability is limited in that area. For this 
purpose an attempt has been made to create a new clustering 
concept, which can be applied to the newly created Simple High 
Way Mobility Model, to increase the speed of the vehicle 
communication. Thus this paper focuses the performance of Packet 
Delivery Time, Packet Delay Time, Throughput, Normalized 
routing load, Broad casting time using IEEE 802.11p. This is 
compared with the values obtained for IEEE802.11 in VANET 
Environment. 
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I.  INTRODUCTION 
 

       VANET offers a solution for Intelligent Transport System 
problems [1]. It is an improved or advanced version of Mobile 
Adhoc Network (MANET). Most of the essential features of the 
MANET are in VANET with some behavioral changes. A 
Vehicle in VANET moves in an organized predefined road, 
while the movement of the mobile nodes is at random in 
MANET [2]. The vehicles equipped with an On Board Unit 
(OBU) in the VANET will be able to receive and transmit 
messages [3]. VANET is the special type of MANET, so the 
routing Protocols and IEEE standards used in MANET are also 
applied in VANET Environment [4]. The IEEE802.11 standard 
used in MANET is also applied in VANET [5].  In MANET the 
nodes are moving at random and their speed is normal. In the 
VANET, Nodes are Vehicles moving in a high speed of 
maximum 250 km/hr in a predefined road which depends on the 
road structure, traffic and traffic regulation [6]. For this reason 
IEEE 802.11 standard is not well suited for VANET 
Environment.  
       Instead of using IEEE 802.11, the modified version IEEE 
802.11P is used in VANET [7]. This paper analyses the 
performance of IEEE 802.11P & 802.11. In the present work, a 
cluster creation algorithm, Cluster head election algorithm, 

Head switching algorithm are created. A new Simple Highway 
Mobility model is generated with the above clustering concepts. 
This paper discusses briefly about the cluster based Simple 
Highway Model and analyses the performance of 802.11 and 
802.11p. 

 
II.   PREVIOUS WORK IN VANET 

 
       Most of the MANET features are applicable in the VANET 
environment. When a survey is made on the subject it is found 
that the protocols and mobility models are limited. So a various 
attempts have been made to create a new mobility model and 
routing protocols for VANET. Another big challenge is creating 
the vehicle movement models in a city and downtown.  Most of 
the Researcher deals with the vehicular motion inside the city 
limit [8]. The real issue is to find the highway mobility model 
outside the city. The result is the creation of the cluster based 
VANET model. 

 
III.   IEEE 802.11 AND 802.11P 

 
 

        The IEEE 802.11 protocol is based on CSMA/CD and 
inter-frame spaces, which is used in both IEEE 802.11b and 
802.11g [9]. These are used by many VANET researchers in 
their simulation. The wireless communication standard IEEE 
802.11 operates in the centralized mode. Here the mobile nodes 
communicate through the infrastructural unit and in Adhoc 
modes [8]. But in this work, the mobile nodes communicate 
with each other directly without using any access point node. 
The main function of IEEE 802.11 standard in VANET 
Environment is that each vehicle checks the transmission 
medium before transmitting the packets. If the medium is idle 
for certain duration of time the vehicle can transmit the packet 
immediately. If not it retransmits the packets after some time. 
The 802.11b is the most popular wireless technology which uses 
2.4 GHz band. Theoretically IEEE 802.11b data rates can reach 
11Mbps, but in practice it can reach only 7.5 Mbps. IEEE 
802.11a uses the 5 GHz frequency, the theoretical maximum 
throughput is 54 Mbps in practice it is only 24Mbps. 
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         An IEEE working group has developed a new PHY/MAC 
amendment of the 802.11 standard, which is designed for 
VANET. The wireless access in Vehicular Environment 
(WAVE) referred as IEEE 802.11p is suitable for High speed 
Vehicle communication [10]. The requirement of this 
amendment is based on the vehicular safety concepts, 
communication between Vehicle to Vehicle and Vehicle to 
Road Side Unit. At the MAC layer, WAVE uses CSMA/CA as 
the basic Medium Access Scheme. The Dedicated Short Range 
Communication (DSRC) at 5.9 GHz band allocated for the ITS 
communications uses the IEEE 802.11p base, which is now 
called Wireless Access in Vehicular Environments (WAVE) 
[11]. The most important requirements for a MAC protocol for 
VANET are low Latency and High reliability. At the PHY layer, 
the IEEE 802.11p should work in the 5.850-5.925 GHz 
spectrum in North America, which is a licensed Intelligent 
Transport System (ITS) and Radio Service Band in the United 
States [9].  
 
IV. PROPOSED CBSHWM: CLUSTER BASED SIMPLE 

HIGHWAY MOBILITY MODEL 
 

Road Side Units (RSU) is more in the city areas [8] whereas 
they are less in outside city. When a vehicle enters a city area, it 
directly sends its request to the Road Side Unit and gets the 
responses. When the vehicles move outside the city area, it does 
not get the response from the Road Side Units, due to the 
limited availability of the roadside unit in that area. The present 
work suggests a new model to solve the problem related to the 
Road Side Unit. 

The Clustering algorithm proposed in this model splits the 
VANET area into a number of clusters [12]. Each cluster has a 
cluster head. The cluster head may be either RSU or any one of 
the vehicles with good database storage and access capabilities. 
A new Cluster head election algorithm is used to select a 
prominent vehicle as a cluster head. All the cluster heads are 
periodically updated whenever a new service enters in the 
network. All the cluster heads are synchronized in a specific 
time interval. The cluster heads are synchronized to ensure that 
all the cluster heads have the same value. 

 
i.  Cluster concepts in the highway model 
       In the VANET, the cluster area remains the same and the 
size of the cluster changes only when the number of vehicles 
increases suddenly. In our system the cluster remains in the 
same frequency. The cluster creation process involves a series of 
steps to ensure that the nodes in a cluster are efficient and   
better equipped to handle good data communication. It also 
ensures that the cluster head is not frequently crossing the 
cluster boundary. If the node crosses the boundary frequently 
then the cluster head election algorithm often elects a new 
cluster head and all the cluster heads are synchronized in a 
specific time interval. The cluster heads are synchronized to 

ensure that they have latest service updates. This cluster based 
Simple Highway Mobility Model Architecture is shown in 
Figure 1 (CBSHWM). 
 
ii. Service Discovery Procedure in Highway Model  
       Nodes of the clusters are administered by service requests 
and service updates. The cluster head receives the service 
information and updates its local database. If a new service is 
introduced, then all the cluster heads are immediately updated 
with the new information. If a node in a cluster wants to search 
a service, it immediately contacts its local cluster head. The 
local head searches in the local data base whether the specified 
service is available or not. If the specified service is available, 
then it will give the necessary details to the needed node to get 
the service. If the service is not available then the algorithm 
synchronizes all cluster heads in the VANET immediately. After 
the synchronization,   it searches again the cluster head for the 
availability of the required service.  This proposed service 
discovery algorithm is shown in the Figure 2. 
 
iii. Simple High Way Mobility Model 
       Vehicles move freely on either direction of the Highway. 
Each vehicle has a limited Radio Range. A Vehicle within a 
radio coverage range can communicate through a fixed Road 
Side Unit in the existing model [8]. But in the proposed model 
the vehicle can communicate directly with other vehicles. 
VANET allows Multi-hop communication with other nodes, 
which are within the radio coverage range. The challenging 
concept of VANET is its high speed node movement, frequent 
network topology changes and wide communication area. It 
provides a new routing scheme, IEEE standards and different 
mobility models. A special device (OBU) is placed inside each 
vehicle to receive and relay messages coming thoroughly 
through the Vehicular Adhoc Network.  

     
Figure1: Simple Highway Mobility Model (SHWM) Scenario. 
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Figure2: Service Discovery Algorithm 
 

V.   SIMULATION 
 

       The Cluster Based Simple Highway Model is proposed with 
a simulation using NS2.34. In Simple Highway Model the 
VANET is assumed as 1500*1500 meters of highway with 
bidirectional movements of vehicles. The SHWM model 
scenario is designed for various nodes. The proposed clustering 
technique divides the VANET area into a number of clusters. 
The IEEE 802.11p or 802.11 standards are included in the 
NS2.34 simulator to evaluate the performance of the proposed 
mobility model. The parameters used in NS2.34 VANET 
simulation is shown in Figure 3. The Traffic model Parameter 
for  Node position and Node mobility are shown in Figure 4.  
The IEEE 802.11 & 802.11 p parameters used in NS2.34 
simulation is shown in Figure 5 and Figure 6 respectively.  

 
Figure 3: Critical parameters used in NS 2.34 VANET simulations 

 

       The NS2.34 version is the advanced version of NS-2. This 
version of NS-2 introduces two new modules: Mac802.11Ext 
and WirelessPhy-Ext. These two extensions are based on 
Mac802.11 and WirelessPhy. The frequency parameter 
Phy/WirelessPhyExt set freq_5.9e+9 or 5.85 GHz represents 
operation on DSRC band. The transmission power of each 
vehicle is set to Phy/WirelessPhyExt set Pt_ 5.0e-2. It creates a 
communication range of approximately 350 meters [13].  The 
PHY layer Parameters and MAC layer Parameters used in NS2 
TCL file is shown in Figure 6 & 7 respectively. The NS2 
simulation is visualized in NAM and Tracing Files. The NAM 
file can be used to view the output of the VANET simulation 
shown in Figure 9. The performance of the Mobility, Packet 
receiving time, Throughput, Broadcasting time and the 
Normalized routing overhead are measured by the values 
obtained from the NS2 trace file. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: SHWM Node position and Node mobility parameter 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                
 
 
 
 
 
 

Figure 5: IEEE 802.11 Parameters in TCL file 

Network Area 1500 x 1500 m 

Channel Type Wireless 

Propagation Model Two Way Ground  

Radio Range 200 m 

Radio Delay 10 ms 

Traffic Type CBR 

Visualization Tools NAM, Tracing 

Duration 200 Seconds 

MAC Layer IEEE 802.11p, 802.11 

Protocol DSDV 

Mobility 
Our proposed Cluster based Simple High 
 Way Mobility Model (SHWM) 

Node Strength Energy, Bandwidth 

No. of Nodes 25,50,75,100,125 &150 

Speed 5m/s,10m/s,15m/s and 25 m/s 

Transmission rate 9.6 Kbps 

Data Payload 512 bytes 

Traffic Load Packet Sent in Every 1 ms 

While(true) 
  {     If ( Any service request from a node in a cluster) 
   { 
    The Algorithm  Check the service in the  local cluster data         
    Base. If (Service present) 
    {      The procedure  inform the sender that the service is       
     present and also give the details about the service   
     provider                   } 
     Else 
   {      Synchronize all the cluster heads and ensure that all the   
     heads have latest service information                   } 
     Again the Algorithm check the cluster heads 
      If the service is not present, inform the node for service not    
      present.         }   } 

$node_(95) set Z_ 0.0000000 
$node_(95) set Y_ 361.54 
$node_(95) set X_ 1186.8 
$node_(96) set Z_ 0.0000000 
$node_(96) set Y_ 401.67 
$node_(96) set X_ 1222.8 
$node_(97) set Z_ 0.0000000 
$node_(97) set Y_ 435.9 
$node_(97) set X_ 1135.7  
$ns_ at 2.5 "$node_(81) setdest 1250 179  10 
$ns_ at 2.5 "$node_(82) setdest 1250 235.3  10 
$ns_ at 2.5 "$node_(83) setdest 1200 218 10 
$ns_ at 2.5 "$node_(84) setdest 1200 192.8 10 
$ns_ at 2.5 "$node_(85) setdest 1200 280.1 10 
$ns_ at 2.5 "$node_(86) setdest 10 447.7 10 
$ns_ at 2.5 "$node_(87) setdest 10 365 10 
$ns_ at 2.5 "$node_(88) setdest 10 434.3 10 
$ns_ at 2.5 "$node_(89) setdest 10 431  10 
$ns_ at 2.5 "$node_(90) setdest 10 369.8 10 

set opt(chan)   Channel/WirelessChannel    ; # channel type 
set opt(prop)   Propagation/TwoRayGround ;  
# radio-propagation model 
set opt(netif)   Phy/WirelessPhy   ; # network interface type          
set opt(mac)    Mac/802_11              ;  # MAC type 
set opt(ifq)  Queue/DropTail/PriQueue ;# interface queue type 
set opt(ll)         LL                        ;# link layer type 
set opt(ant)     Antenna/OmniAntenna        ; 
set opt(ifqlen) 50       ;# max packet in ifq  
set opt(nn)      100              ;# number of mobile nodes 
set opt(adhoc Routing) DSDV   ;# routing protocol 
set opt(sc)  "cbr1"  ;# node movement file. 
set opt(x)  1500                ;# x coordinate of topology 
set opt(y)  1500               ;# y coordinate of topology  
set opt(seed)  0.0             ;# seed for random number gen 
set opt(stop)  250            ;# time to stop simulation 
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Figure 6: IEEE 802.11p Parameters in TCL file 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 7: PHY layer Parameters in TCL file 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: MAC layer Parameters in TCL file 
 
 
 
 

 
 
Figure 9: Simple Highway Mobility Model NS2.34 simulation  
 

VI. EXPERIMENTAL ANALYSIS OF CBSHWM USING 

IEEE 802.11 & 802.11P 
 

i. Broadcasting time for the  Cluster based SHWM  model with 
DSDV and  802.11p & 802.11 
       The performance of the Cluster based SHWM model with 
802.11p is compared with the same Cluster based SHWM 
model with 802.11 which is shown in figure 10.  During 
emergency situations, critical information is sent to all cluster 
heads immediately. The Broadcasting time of packets sent to all 
cluster heads is estimated for various clusters. The proposed 
cluster based SHWM with 802.11p performs better than the 
SHWM with 802.11. When the number of clusters increases the 
Broadcasting time slightly increases in 802.11p and drastic 
change is observed in 802.11.  
 

 
 
Figure 10:  Cluster VS Broadcast Time (msec) for DSDV - 802.11p & 802.11 

 
 
 

set opt(chan)  Channel/WirelessChannel  ;    # channel type 
set opt(prop)  Propagation/TwoRayGround  ; 
# radio-propagation model  
set opt(netif)  Phy/WirelessPhyExt; # network interface type        
set opt(mac)   Mac/802_11Ext ;# MAC type              
set opt(ifq) Queue/DropTail/PriQueue;# interface queue type  
set opt(ll)       LL   ;# link layer type                       
set opt(ant)    Antenna/OmniAntenna         
set opt(ifqlen) 50 ;# max packet in ifq                         
set opt(nn)      100   ;# number of mobilenodes                     
set opt(adhocRouting)   DSDV   ;# routing protocol 
set opt(sc)     "cbr1"    ; # node movement file. 
set opt(x)      1500  ;# x coordinate of topology 
set opt(y)      1500  ;# y coordinate of topology  
set opt(seed)   0.0   ;# seed for random number gen 
set opt(stop)   250  ;# time to stop simulation 

Phy/WirelessPhyExt set CSThresh_   
 3.9810717055349694e-13 
Phy/WirelessPhyExt set Pt_                      5.0e-2  
Phy/WirelessPhyExt set freq_                    5.9e+9 
Phy/WirelessPhyExt set noise_floor_             1.26e-13 
Phy/WirelessPhyExt set L_                       1.0     
Phy/WirelessPhyExt set PowerMonitorThresh_  
3.981071705534985e-18    
Phy/WirelessPhyExt set HeaderDuration_          0.000040     
Phy/WirelessPhyExt set BasicModulationScheme_   0 
Phy/WirelessPhyExt set PreambleCaptureSwitch_   1 
Phy/WirelessPhyExt set DataCaptureSwitch_       1 
Phy/WirelessPhyExt set SINR_PreambleCapture_    3.1623 
Phy/WirelessPhyExt set SINR_DataCapture_        10.0    
Phy/WirelessPhyExt set trace_dist_              1e6 
Phy/WirelessPhyExt set PHY_DBG_                 0 

Mac/802_11Ext set CWMin_       15 
Mac/802_11Ext set CWMax_   1023 
Mac/802_11Ext set SlotTime_     0.000013 
Mac/802_11Ext set SIFS_      0.000032 
Mac/802_11Ext set ShortRetryLimit_     7 
Mac/802_11Ext set LongRetryLimit_      4 
Mac/802_11Ext set HeaderDuration_   0.000040 
Mac/802_11Ext set SymbolDuration_   0.000008 
Mac/802_11Ext set BasicModulationScheme_  0 
Mac/802_11Ext set use_802_11a_flag_  true 
Mac/802_11Ext set RTSThreshold_    2346 
Mac/802_11Ext set MAC_DBG       0 
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ii.  Comparison of Packet delay time for 802.11p and 802.11 
       Packet delay time for node 100 with 802.11 and 802.11p is 
measured and the comparative delay time characteristic of 
802.11 and 802.11p is noted. The delay time of the packet is low 
for 802.11p and it is high for 802.11. From the Figure 11, it is 
observed that the number of clusters between 6 and 10 gives 
optimal average delay time for 802.11p standard. 
 

 
 
Figure 11:  Cluster VS Delay Time (msec) for DSDV - 802.11p & 802.11  
 

iii.   Comparison of Packet receiving time for 802.11p and 
802.11                   
       The packet receiving time of the destination node is noticed 
for number of clusters with MAC 802.11 and 802.11p. This 
analytical work is repeated for varying number of clusters with 
different node speeds. It is observed that the packet receiving 
time is high for 802.11 and low for 802.11p. No major change is 
observed when the cluster size is increased.  
 
 

 
 
Figure 12:  Cluster VS Packet Receiving Time(msec)  for Speed 5 DSDV – 
SHWM - 802.11p & 802.11 

The Packet receiving time for node speed 5 and speed 10 are 
shown in Figure 12 and Figure 13 respectively. 
 
 

 
 
Figure 13:  Cluster VS Packet Receiving Time (msec) for Speed 10 DSDV – 
SHWM - 802.11p & 802.11 
 

iv . Analytical study of Throughput value for 100 nodes with 
802.11p & 802.11.  
      The performance of 802.11 & 802.11p in terms of 
throughput is shown in Figure 14. The graph describes the 
cluster VS throughput for the IEEE standard 802.11 & 802.11p. 
From the simulation result, it is noticed that when the number of 
cluster increases the throughput slightly decreases in the case of 
802.11p and no major change is found in 802.11. It is also 
observed that the throughput for the cluster 6 to cluster 15 yields 
almost constant high value. From the above graph it is noted 
that 802.11p yields very high performance than 802.11. 
 
 
 

 
 
Figure 14:   Cluster VS Throughput   for 100 nodes: DSDV – SHWM - 802.11p 
& 802.11 
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v. Performance Analysis of Packet Delivery Ratio for node 100 
using 802.11&802.11P 
 
       The Figure 15 presents the packet delivery ratio for various 
clusters with 802.11 & 802.11p standards. From this graph it is 
noted that when the number of clusters increases, the packet 
delivery ratio decreases slightly and yields optimal value 
between cluster 8 and cluster 15 in 802.11p. The packet delivery 
ratio is low for cluster below 10 and high for cluster above 10.  
Better performance of packet delivery ratio is observed for 
802.11p. 
 

 
 
Figure 15:   Cluster VS Packet Delivery ratio for 100 nodes: DSDV – SHWM - 
802.11p & 802.11 
 
vi. Comparison of Normalized Routing Load for 802.11p and 
802.11 

 

 
Figure 16:   Cluster VS Normalized Routing Load for 100 nodes: DSDV – 
SHWM - 802.11p & 802.11 

       The performance of the Normalized Routing Load for the 
cluster based SHWM model with standard 802.11 and 802.11p 
is shown in Figure 16.  From the graph, the Normalized routing 
load is minimum for 802.11p and it out performs the standard 
802.11.  
 

VII.     CONCLUSION 
  
       The IEEE is currently working on the new standard 
802.11p, dedicated to Vehicular Communication which 
specifies physical (PHY) and Medium Access Control  (MAC) 
protocol for Vehicle to Vehicle and Vehicle to Road Side Unit 
Communication. This paper discusses the comparative analysis 
of Cluster based Simple Highway Mobility model with standard 
802.11p over the standard 802.11. The VANET MAC layer 
standard 802.11p is used to measure the Throughput, Packet 
delivery ratio, Broadcasting time, Normalized routing load for 
various clusters. These values are compared with the values 
obtained using 802.11.  The simulation result gives that the 
proposed model with 802.11p has outperformed the result 
obtained using 802.11. Each VANET simulation has been done 
for 50 times and 50 various values are obtained for each node, 
cluster, 802.11p and 802.11 and the average value is 
computerized and presented in this paper. 
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