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Abstract
In this paper, we propose a trajectory-based data forwarding 
scheme for light-traffic road networks, where the carry delay is the 
dominating factor for the end-to-end delivery delay. We compute 
the aggregated end-to-end carry delay using the individual vehicle 
trajectory along with the vehicular traffic statistics. Our design 
allows vehicles to share their trajectory information without 
exposing their actual trajectory to neighbor vehicles. This 
privacy-preserving trajectory sharing scheme is made possible 
by exchanging only the expected delay value using local vehicle 
trajectory information. We also propose a link delay model based 
on the common assumption of exponential vehicle inter arrival 
time. It is shown to be more accurate than the state-of-the-art 
solution. With the increasing popularity of vehicular Ad-Hoc 
networking, we believe that our forwarding scheme opens the first 
door for exploiting the potential benefit of the vehicle trajectory 
for the performance of VANET networking. As a future work, 
we will develop a data forwarding scheme from stationary nodes 
(i.e., Internet access points) to moving vehicles for supporting the 
Infrastructure-to-Vehicle data delivery in vehicular networks. This 
reverse forwarding to moving vehicles is needed to deliver the road 
condition information such as the bumps and holes for the driving 
safety. However, this reverse data forwarding is a more challenging 
problem because we need to consider both the destination vehicle’s 
mobility and the packet delivery delay. Also, we will investigate 
the impact of data traffic volume on the trajectory-based data 
forwarding in light-traffic vehicular networks and develop a data 
forwarding scheme considering the data traffic volume, the vehicle 
trajectory, and the vehicle contact time for communications along 
the road segment.
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I. Introduction
Wireless technologies are rapidly evolving. Dedicated Short Range 
Communications (DSRC) is one of these wireless technologies. 
At 5.9 GHz DSRC offers the potential to support short to 
medium range, very high data rate, wireless communications 
between vehicles, and between vehicles and the roadside. It is 
envisioned that vehicle-based crash prevention performance can 
be enhanced by information that could be wirelessly transmitted 
to vehicles from the roadside and from other Vehicles. The United 
States Department of Transportation (USDOT) has worked 
with the Collision Avoidance Metrics Partnership (CAMP) to 
do pre-competitive safety research jointly with the Automotive 
Original Equipment Manufacturers (OEMs). The Vehicle 
Safety Communications Consortium (VSCC) of CAMP, which 
consists of seven OEMs: BMW, DaimlerChrysler, Ford, GM, 
Nissan, Toyota, and Volkswagen was formed to  investigate the 
potential of using vehicle-to vehicle and vehicle-to-roadside 
communications as a means of improving crash prevention 
performance. The 3-year VSC project was established in 2002 

to do four things: 1) estimate the potential opportunity for safety 
benefits of communication-based vehicle safety applications 
and define their communications requirements; 2) ensure that 
proposed DSRC communications protocols and standards meet 
the needs of vehicle safety applications; 3) investigate specific 
technical issues that may affect the Ability of DSRC to support 
deployment of vehicle safety applications; and, 4) estimate the 
deployment feasibility of communications-based vehicle safety 
applications. Along these lines the automotive team identified 
and evaluated a comprehensive list of vehicle safety applications 
enhanced or enabled by external communications, determined 
their respective communications requirements, and worked with 
standards development organizations to ensure that proposed 5.9 
GHz Dedicated Short Range Communications (DSRC) protocols 
support vehicle safety applications. Driver assistance systems 
are currently being developed and deployed as the result of 
improvements in critical sensing technologies such as radar. The 
VSC project introduces the added technical dimension of wireless 
technology to the potential development of driver assistance 
systems. The addition of wireless communications enables a 
number of vehicle safety applications.
With the standardization of Dedicated Short Range Communication 
(DSRC) by the IEEE [1], Vehicular Ad-Hoc Networks (VANETs) 
have recently reemerged as one of promising research areas 
for safety and connectivity in road networks. Currently, most 
research and development fall into one of two categories: 1) 
vehicle-to-vehicle (v2v) Communications [2-3] and 2) vehicle-
to-infrastructure (v2i) communications [4-7]. In the meantime, 
the GPS technology has been adopted for navigation purposes 
at an unprecedented rate. It is expected that approximately 300 
million GPS devices will be shipped in 2009 alone [8]. It becomes 
a very timely topic to develop novel applications by integrating 
the cutting-edge DSRC and GPS technologies. Specifically, this 
work is motivated by the observed trend that a large number of 
vehicles have started to install GPS-receivers for navigation and 
the drivers are guided by these GPS-based navigation systems to 
select better driving paths in terms of the physically shortest path 
or the vehicular low-density traffic path. Therefore, the nature 
research   question is how to make the most of this trend to improve 
the performance of vehicular Ad-Hoc networks. 

II. Existing System 
In this section proposes a Trajectory-Based Data (TBD) Forwarding 
scheme, tailored for the data forwarding for roadside reports in 
light-traffic vehicular Ad-Hoc networks. State-of-the-art schemes 
have demonstrated the effectiveness of their data forwarding 
strategies by exploiting known vehicular traffic statistics (e.g., 
densities and speeds). These results are encouraging; however, 
further improvements can be made by taking advantage of the 
growing popularity of GPS-based navigation systems. This paper 
presents the first attempt to effectively utilize vehicles’ trajectory 
information in a privacy-preserving manner. In our design, such 
trajectory information is combined with the vehicular traffic 
statistics for a better performance. In a distributed way, each 

VANET Network for Trajectory-Based Data Forwarding for 
Light-Traffic Vehicular

1A Nageswara Rao, 2G. Raja Sekhar, 3M V Rajesh
1,3Dept. of CSE, PRAGATHI Engineering College, Surampalem, AP, India

2Dept. of Computer Science, PRAGATHI Engineering College, Surampalem, AP, India



IJCST Vol. 3, ISSue 1, Spl. 5, Jan. - MarCh 2012ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology 897

individual vehicle computes its end-to-end expected delivery delay 
to the Internet access points based on its position on its vehicle 
trajectory and exchanges this delay with neighboring vehicles to 
determine the best next-hop vehicle. For the accurate end-to-end 
delay computation, this paper also proposes a link delay model to 
estimate the packet forwarding delay on a road segment. Through 
theoretical analysis and extensive simulation, it is shown that our 
link delay model provides the accurate link delay estimation and 
our forwarding design outperforms the existing scheme in terms 
of both the data delivery delay and packet delivery ratio.
Analyzes the link delay for one road segment with one-way 
vehicular traffic given the vehicle arrival rate, the vehicle speed 
v, and the communication range R; note that a constant vehicle 
speed v is used for the link delay analysis and that the impact 
of the variable vehicle speed on the link delay will be shown in 
comparison of simulation results at the end of this section; the 
results indicate that our link delay model is a good approximation 
to the simulation result. We leave the link delay for a two-way 
road segment as future work. Three terms for the link delay model 
are defined as follows:
Definition 1 (Network Component). Let Network Component 
be a group of vehicles that can communicate with each other via 
either one-hop or multichip communication that is, a connected 
Ad-Hoc network. Fig. 2, shows a network component consisting 
of vehicles n1 . . .  nk.
Definition 2 (Forwarding Distance). Let Forwarding Distance 
(denoted as lf) be the physical distance a packet travels via wireless 
communication within a road segment starting from the entrance. 
Shows the forwarding distance lf for the network component.

Fig. 1: Forwarding Distance lf and Carry distance lc

Definition 3 (Carry Distance). Let Carry Distance (denoted as lc) 
be the physical distance a packet is carried by a vehicle within a 
road segment. Fig. 1, shows the carry distance lc of vehicle n1. 
Let v be the vehicle speed. By ignoring the small communication 
delay, the link delay dij along a road with the length of l is the 
corresponding carry delay.

    (1)
Therefore, the expected link delay   is

    (2)
In order to obtain the expected link delay E½dij_, we need to 
derive the expected forwarding distance E½lf _ first. Clearly, 
the forwarding distance lf equals the communication length of 
the network component that is near the entrance. To illustrate 
our modeling approach, we use fig. 3(a), to explain how the 
forwarding distance lf change over time under different traffic 
arrival patterns.

III. Proposed Work
Given a road network with an Internet access point, the Research 
problem is to minimize the end-to-end delivery Delay of packets 
to the Internet access point. In this paper, we focus on one-way 
data delivery which is useful for the time-critical reports, such as 
vehicle accidents, road surface monitoring, and driving hazards 
[2]. We leave two-way delivery as future work. In this paper, we 
refer
1. Vehicle trajectory as the moving path from the vehicle’s starting 
position to its destination position in a road network; 
2. Expected Delivery Delay (EDD) as the expected time taken 
to deliver a packet generated by a vehicle to an Internet access 
point via the VANET
3. Carry delay as a part of the delivery delay introduced
While a packet is carried by a moving vehicle;
4. Communication delay as a part of the delivery delay
Introduced while a packet is forwarded among vehicles.
Our work is based on the following four assumptions:
The geographical location information of packet Destinations, 
such as Internet access points, are available to vehicles. A couple 
of studies have been done to utilize the Internet access points 
available on the roadsides [6-7]. Vehicles participating in VANET 
have a wireless communication device, such as the DSRC device 
[1]. Nowadays, many vehicle vendors, such as GM and  Toyota, 
are planning to install DSRC devices at vehicles [5].
Vehicles are installed with a GPS-based navigation system and 
digital road maps. Traffic statistics, such as vehicle arrival rate 
_ and average vehicle speed v per road segment, are available 
via a commercial navigation service, similar to the one currently 
provided by Garmin Traffic [1]. Vehicles know their trajectory by 
themselves. However, vehicles do not release their  trajectory to 
other vehicles for privacy concerns. It should be noted that in the 
VANET scenarios, The carry delay is several orders-of-magnitude 
longer than the communication delay. For example, a vehicle takes 
90 seconds to travel along a road segment of 1 mile with a speed 
of 40 MPH, however, it takes only ten of  milliseconds1 to forward 
a packet over the same road segment, even after considering the 
retransmission due to wireless link noise or packet collision. 
Thus, since the carry delay is the dominating part of the total 
delivery delay, in the rest of the paper, we focus on the carry delay 
for the sake of clarity, although the small communication delay 
does exist in our design.

Fig. 2:

Let’s consider the following packet forwarding scenarios in fig. 
2. The first scenario, as shown in fig. 2(a), is that three vehicles, 
denoted as Source, Carrier-1, and Carrier-2, are moving in a road 
network. The Source wants to send its packet to the access point. 
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Carrier-1 and Carrier-2 are within Source’s communication range. 
If trajectories are known, it is clear that Source will decide to 
forward its packets to Carrier-1, since Carrier-1 moves toward 
the access point. The first challenging problem is how to make 
such a decision when privacy-sensitive trajectories are not shared 
directly. The second scenario, as shown in fig. 2(b), is that Carrier-
1’s trajectory is on the light road traffic path and Carrier-2’s 
trajectory is on the heavy road traffic path. In this case, Source can 
select Carrier-2 as next carrier and forward its packet to Carrier-2 
since Carrier-2 has a high probability that it can forward Source’s 
packets to the access point via a communication path consisting of 
other vehicles. The second challenging problem is how to combine 
the road traffic statistics (e.g., density) information with the vehicle 
trajectory information for better forwarding decision making. In 
next sections, we will deal with the two challenges raised in this 
section through the Link delay modeling and the Trajectory-based 
forwarding.

 
Fig: 3: Vanet Architecture

We model the EDD with a stochastic model [4], for a given 
road network. We define the road network graph for the EDD 
computation as follows: Definition 4 (Road Network Graph). 
Let Road Network Graph be the directed graph of G ¼ ðV ;EÞ, 
where V ¼ fv1; v2; . . . ; vng is a set of intersections in the road 
network and E ¼ ½eij_ is a matrix of edge eij for vertices vi and 
vj such that eij 6¼ eji. Fig. 6, shows a road network graph. To 
estimate end-to-end delay, we cannot use the traditional shortest 
path algorithms, such as Dijkstra’s shortest path algorithm. This 
is because when the packet carrier arrives at an intersection, it is 
not guaranteed that it can meet another vehicle moving toward 
the most preferred direction. In this case, the packet carrier needs 
to  determine whether it can forward its packet to another vehicle 
moving toward other preferred directions or has to carry it with 
itself to the next intersection on its trajectory. In order to consider 
all of the possible cases in the forwarding at each intersection, 
we formulate the data delivery based on this carry-and-forward 
as the stochastic model.

Fig. 4: Road Network Graph for Data Forwarding

Fig. 5: EDD Computation for Edge e1;2

Fig. 6:

IV. Results
In order to implement the required EDD and VANET Models to 
Simulate the graphs and performance Of this models shown by 
the visually by Graphs.

Fig. 7:
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Fig. 8:

Fig. 9:

Fig. 10:

Fig. 11:

V. Conclusions and Future Work
In this paper With the increasing popularity of vehicular Ad-Hoc 
networking, we believe that our forwarding scheme opens the first 
door for exploiting the potential benefit of the vehicle trajectory 
for the performance of VANET networking. As a future work, 
we will develop a data forwarding scheme from stationary nodes 
(i.e., Internet access points) to moving vehicles for supporting the 
Infrastructure-to-Vehicle data delivery in vehicular networks. This 
reverse forwarding to moving vehicles is needed to deliver the road 
condition information such as the bumps and holes for the driving 
safety. However, this reverse data forwarding is a more challenging 
problem because we need to consider both the destination vehicle’s 
mobility and the packet delivery delay.  Also, we will investigate 
the impact of data traffic volume on the trajectory-based data 
forwarding in light-traffic vehicular networks and develop a data 
forwarding scheme considering the data traffic volume, the vehicle 
trajectory, and the vehicle contact time for communications along 
the road segment.
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