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Abstract— In recent years VANET has gained a lot of attention for increasing comfort and safety in vehicular 
networks. DSRC is a wireless technology that is developed to support the communication between vehicles and 
between vehicles and infrastructure in a very dynamic network with a proposed transmission range of up to one 
kilometer. Among other unique challenges that VANET netwoks face is its operation in a variety of different 
environments at high mobility. This paper aims to see the effect of different transmission range towards the 
performance of a VANET network that uses DSR routing protocol with difference in node speed and density. The 
result of this research shows that in a VANET network that uses DSR routing protocol, as transmission range 
increases, the QoS tends to improve while at higher transmission ranges, there is not much effect from speed and 
density.   
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I.  INTRODUCTION  

      
Among the many innovations in road and vehicle safety 
technology today, one that has gained a lot of attention in 
recent years is VANET (Vehicular ad hoc Network). 
VANET is a network where each node within transmission 
range of each other can move freely and can stay connected 
without the need of a cable. VANET is seen as a promising 
approach towards an Intelligent Transportation System ITS 
[1]. 
      The technology developed to support vehicular 
communications is called DSRC (Dedicated Short Range 
Communication) which has a proposed transmission range 
of up to one kilometer. Transmission range is one of the 
challenges in a vehicular network. This is because of 
VANET’s unique features such as its various 
communicating environment  and its dynamic topology [2].
  
       Research on the performance of vehicular 
communication with three transmission ranges in an urban 
and suburban environment has been done in [3]. Research 
on the effect of transmission range and mobility towards the 
performance of ad hoc routing protocols have been done in 
[4]. The results of that research shows that transmission 
range and mobility has an effect on the performance on an 
ad hoc network. According to [5], there hasn’t been a 
comprehensive research on the effect of traffic density and 
transmission range towards the performance of IEEE 
802.11p MAC protocol especially in V2V communication 
in high mobility.  

        Therefore, this research will study the performance of a 
high mobility vehicular network using DSR routing 
protocol, which is seen as suitable for a highly mobile 
network [6], with differentiating transmission range, vehicle 
density, and vehicle speed.  

II. OVERVIEW 

A. VANET 

VANET is a part of MANET (Mobile ad hoc Network) 
where a wireless network is formed spontaneously for the 
exchange of data in a vehicular environment. Vehicles can 
communicate with each other to create a network with large 
coverage and vehicles can leave and join the network at 
anytime. The vehicular communication can be in the form 
of vehicle to infrastructure (V2I) or vehicle to vehicle 
(V2V). 

As previously stated, VANET is seen as a promising 
approach for an Intelligent Transportation System (ITS). 
V2I and V2V communication are both part of an ITS 
configuration. Such communication depends largely on up 
to date information from vehicles and their surroundings to 
ensure an exchange of information that is relieable, 
efficient, and timely [7].  

Application of VANET largely falls on two categories: 
safety application and non-safety application. Safety 
applications include driver assistance such as road 
navigation, information alert such as a car reaching a road’s 
speed limit, and warning alert such as information of an 
accident. Non-safety applications, also known as comfort 
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applications, describes applications that are designed to 
increase comfort on the road. These applications include 
traffic information, Point of Interest indicators, and even 
movies on demand. 

B. DSR Routing Protocol  

DSR (Dynamic Source Routing) is a routing protocol 
designed to be used in an ad hoc network. DSR falls under 
the catagory of an on-demand routing protocol. These type 
of routing protocol is only used when a source requires a 
route to a destination. Within DSR routing protocol, each 
node in the network cooperate to send packets which enable 
nodes that are not within transmission range of each other to 
be able to communicate through a series of hops. When a 
node moves, joins, and leaves the network, each route is 
automatically decided and maintained by DSR [6]. DSR is 
made of two mechanisms which are route discovery and 
route maintenance. Both mechanisms operate strictly on-
demand which enables DSR to have a very low overhead. 
Moreover, its ability to store routing information in an 
intermediate node’s cache enables it to react quickly to 
changes within the network.    

C. Transmission Range 

In a V2V communication, each connection occurs in a 
short period of time. To enable a more reliable connection, 
the time spent connecting has to be longer. This can be 
achieved by increasing the transmission range as faraway 
nodes are able to access the canal to communicate with 
other vehicles. As a result, changes in transmission power in 
a VANET network is crucial towards the connectivity and 
the exchange of messages between vehicles. A correlation 
between transmission range and the transmission power can 
be found on the following table [9]. 

 
TABLE I  CORRELATION BETWEEN TRANSMISSION RANGE 

AND TRANSMISSION POWER [9] 
Transmission Range (meter) Transmission Power (dBm) 

0-9 -20 
10-49 -12 
50-100 -5 
100-125 -3 
126-149 1 
150-209 4 
210-299 6 
300-349 10 
350-379 12 
380-449 14 
450-549 17 
550-649 20 
650-749 24 
750-849 27 
850-929 29 
930-970 31 

971-1000 32 
>1000 N/A in DSRC 

D. Freeway Mobility Model 

        The freeway mobility model largely describes a 
mobility scenario modeled of a vehicle in an obstacle free 

road as found in a freeway. This mobility model is seen as a 
large road with two different directions. Each direction can 
have more than one lane like in a freeway. The movement 
of nodes in this mobility model is restricted to within the 
road and without random movement [10].   

E. Network Simulator 2 

The Network Simulator 2 (NS-2) is a simulator that 
works on a Unix operation system. NS-2 is a event 
simulator used for research purposes in the field of 
networking and offers substantial support for routing 
simulation, multicast protocols, IP protocols, and others. 
NS-2 has several advantages above other simulators such as 
support towards multiple protocols and its ability to 
represent network data in the form of a graph. Other than 
that, NS-2 also supports several routing algorithms and 
queuing algorithms [11].  

 

F. ONE Simulator  

ONE (Opportunistic Network Environment) Simulator is 
an agent-based discrete simulator where at each step the 
simulation engine will renew the module which will 
implement the main function of the simulation. The main 
function of ONE Simulator is to model the movements of 
nodes, contact between nodes, and routing and message 
handling. The collection and analysis of results is done 
through visualizations, reports, and post-processing tools 
[12]. 

III. SIMULATION PROCESS AND PARAMETER 

A VANET network performance will depend on the 
model and the level of mobility of vehicles in the network. 
The geographical topology of the road used will directly 
affect the network performance. In this study, we can study 
the behaviour of a VANET network in a freeway through a 
mobility simulation. To carry out this simulation, this 
research uses the ONE Simulator to simulate a real freeway 
where we can arrange nodes so that it moves like a vehicle 
such as cars. This simulation uses the DSR routing protocol 
to observe the effect of transmission range on a certain node 
density and speed and to see the effect of node density on a 
certain transmission range and node speed. The transmission 
range used is at 250, 500, 750, and 1000 meters. The node 
density used is at 20, 40, 60, 80, and 100 nodes. The 
simulation will be done at two different speeds, 70 km/h and 
130 km/h. 

A. System Scenario Design 

To simplify the design of the system used in this 
research, a flowchart is used to understand the processes 
done while designing. The flowchart shows the process of 
the design and implementation of the system done in this 
research.  
       Figure 1. shows a flowchart of the design and 
implementation the will be carried out in this research 
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Figure 1. System Flowchart 

B. Mobility Simulation Process 

 
Figure 2. Mobility Simulation in ONE Simulator 

 This research uses a geographical map based on a real 
freeway. The map chosen in this research is a 4 km cut of 
Prof. Dr. Sedyatmo tol road which connects Soekarno-Hatta 
International Airport to Jakarta. At the time the simulation is 
run, each node will move following the line on the map that 
have been decided in advance in a file with the extension 
Well Known format (.WKT). Nodes will move in 
accordance with a predetermined speed. When a node 
coincides with other nodes, they will seek to make 
connections with each other.  

 Based on experiments that have been done, ONE 
Simulator can be used as a mobility simulator as it can 
produce simulations where each node moves dynamically 
and connections occur only when each node is at the reach 

of broadcast of other nodes. This resembles a real mobile 
node connection.  

C. Simulation Parameter 

  
     Table II shows the simulation parameters of this 
research.  

TABLE II      SIMULATION PARAMETERS 

Operating system 
Ubuntu 12:04 32 bits in 
VirtualBox on Windows 7 64 
bit 

Network Simulator NS-2 (Version 2.35) 
Mobility Model Simulator ONE Simulator (Version 1.5.1) 
Routing Protocol DSR 
Mobility Model Map Based Freeway 
Traffic direction  2 ways 
Vehicle Density 20, 40, 60, 80, 100 
Length of Road 4 Kilometers 

MAC 
MAC 802_11 Ext (IEEE 
802.11p) 

PHY 
Wireless 802_11 Ext (IEEE 
802.11p) 

Wave Propagation Model Two Ray Ground 
Antenna Type Omnidirectional 
Packet queuing model Droptail 
Data Traffic Source UDP, CBR 
Packet Size 512 Byte 
Transmission Range 250, 500, 750 and 1000 meters 
Speed of Vehicle 70 and 130 km/h 
Simulation duration 300 seconds 

IV. SIMULATION ANALYSIS 

As stated in the introductory section of this paper, this 
study aims to simulate a VANET network which uses DSR 
routing protocol to observe the effect of changes in the 
transmission range on certain speed and node density as 
well as the effect in changes of node density on a certain 
transmission range and node density. The simulation is done 
on two different speeds. 

To observe the performance of the network, network 
performance parameters such as delay, throughput, and 
packet delivery ratio is used. 

A. Delay Measurement  

End to end delay is described as the time needed to send 
a message from a source to a destination. Several 
components make up end to end delay, i.e. PT = 
Propagation Time, TT= Transmission Time, QT = Queuing 
Time, and PD = Processing Delay, the formula of end to end 
delay can be written as follow : 

 
End-to-End Delay = PT + TT + QT + PD       (1) 
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Figure 3. Delay at 70 km/h speed 

Figure 3 shows the effect of transmission range on 
delay with different node density at 70 km/h. It can be 
observed from the image that there occurs a significant drop 
in delay from 250 meters of transmission range to 500 
meters. However at transmission ranges 500-1000 meters it 
is observed that the delay has a tendency to be stable with 
little rises and falls in relation to the changes in transmission 
range. This is as a result of higher transmission ranges 
which reduces the number of hops between a source and a 
destination which reduces processing delays. A table 
showing the decrease in the number of hops in relation to 
higher transmission ranges for the 70 km/h node speed 
scenario can be seen below.  

TABLE III      NUMBER OF HOPS 

Transmision  
Range 

Node Density 

20 40 60 80 100 
250 m 1409 3439 3987 3498 4698 

500 m 757 1020 864 996 1151 

750 m 962 1003 650 887 701 

1000 m 435 478 483 512 542 

 
      From the table above we can observe that the larger the 
transmission range, the number of hops that are needed will 
decrease which in turn results in smaller delays. In terms of 
effect of node density, it is also observed that at higher 
transmission ranges the delay tends to be stable at each node 
increment. 

 
Figure 4. Delay at 130 km/h speed 

       In Figure 4, the effect of transmission range towards 
delay with different node density at 130 km/h is observed. 
From the figure we can observe that the trend between the 
two speeds are more or less the same. At higher 
transmission ranges the delay tends to be stable. However 
when we compare the delay at the lowest transmission range 
(250 meters) between the two speeds, it is observed that at 
the delay at 130 km/h is worse than at 70 km/h. This is due 
to the higher mobility which added to the low transmission 
range increases the chances of link failure. At both speeds, it 
is observed that the highest delay is at the lowest density at 
the lowest transmission range. This is possible because there 
is a possibility at that density and transmission range there is 
not an intermediate node immediately available within a 
source’s range to forward a message from the source to a 
destination, hence a message has to wait longer in the send 
buffer.  
 

B. Average Throughput Measurement 

Throughput is the measure of how fast a node can send a 
data within a network. Throughput is also defined as the 
average rate of succesful message sent over a 
communication canal. Mathematically, throughput can be 
written as equation (2). 

 

  (2) 
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Figure 5. Throughput at 70 km/h speed 

From Figure 5 we can observe the effect of transmission 
range on throughput with different node density at 70 km/h. 
For every node increment, we can observe the lowest 
throughput is at 250 meters of transmission range. This 
correlates with the delay observed at Figure 3. At 500-1000 
meters of transmission range, the delay tends to be stable at 
40-41 kbps.  

Throughput at higher transmission ranges tends to be 
stable because higher transmission ranges enables stronger 
connections which causes the connection to be more 
reliable. The characteristic of DSR routing protocol which 
has very small overhead also enables better throughput. In 
terms of effect of node density, it is also observed that there 
is no significant changes at higher transmission range. 

 

 
Figure 6. Throughput at 130 km/h speed 

 

From Figure 6, we can observe once again that the trend 
in throughput between the two speeds are similar. The 
throughput at higher transmission ranges tend to be stable 
around the 40-41 kbps mark. The throughput at 250 meters 
is also observed to be lower than that at the higher 
transmission range.  

 

C. Measurement Packet Delivery Ratio 

Packet delivery ratio is described as the comparison of 
the total data bits received to the total data bits sent from a 

source to a destination. Mathematically, packet delivery 
ratio is expressed as(3): 

 
 (3) 

 
Figure 7. PDR at 70 km/h speed 

 

From Figure 7 we can observe that the higher the 
transmission range, the PDR tends to rise. Same as with 
throughput, a higher transmission range ensures better 
connection so that throughput tends to be high which in turn 
enables better PDR. Another characteristic of DSR routing 
protocol where it can look into the cache of an intermediate 
node for a new route to a destination should a link fail 
reduces the number of dropped packets due to link failure. 
This also increases the reliability of the connection. 

 
Figure 8. PDR at 130 km/h speed 

 

Figure 7 and 8 shows that the higher the transmission 
range, a higher PDR up until 100% can be achieved. In 
Figure 8 we can observe that the trend is similar to that of 
Figure 7. For higher transmission range, the PDR is 
constantly observed high.  

 

V.  CONCLUSION 

This research has shown that a higher transmission 
range tends to give a better QoS in a VANET network that 
uses DSR routing protocol. It has been observed that at 
transmission ranges greater than 500 meters, the delay, 
throughput, and PDR of a network tends to be stable to one 
another. Such high transmission ranges gives better 
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coverage and connectivity in the network observed which in 
turns produces better QoS. A reason why DSR is shown to 
give excellent performances even in high mobility and high 
density conditions is its characteristic as an on-demand 
routing protocol. In its operation, DSR produces very little 
overhead and its fast reaction towards changes in its 
topology enables it to become a reliable routing protocol to 
be used in an ad hoc network. 
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