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I. INTRODUCTION

While it is crucial to test and evaluate protocol
implementations in a real world environment, simu-
lations are still commonly used as a first step in the
protocol development for Vehicular Ad-Hoc Network
(VANET) research. Several communication networking
simulation tools already exist to provide a platform to
test and evaluate network protocols, such as ns-2 [6]
and Qualnet [4]. However, these tools are designed
to provide generic simulation scenarios, without being
particularly tailored for applications in the transporta-
tion environment. In addition, simulations also play
an important role in the field of transportation. A
variety of simulation tools, such as PARAMICS [3],
CORSIM [1], and so on have been developed to analyze
transportation scenarios at the micro- and macro-scale
levels. However, to date there have been few attempts
to integrate communication techniques and scenarios in
a realistic transportation simulation environment.

One of the most important parameters in simulating
ad-hoc networks is the node mobility. It is important to
use a realistic mobility model so that results from the
simulation correctly reflect the real-world performance
of a VANET, as shown in some prior studies [2], [5].
A realistic mobility model should consist of a realistic
topological map which reflects different densities of
roads and different categories of streets with various
speed limits. Another important parameter to be mod-
eled is the obstacles. In the real world, a vehicle node
is typically constrained to streets which are separated
by buildings, trees or other objects. Such obstructions
often increase the average distance between nodes,
as compared to that in an open-field environment. In
addition, each vehicle needs to decide on a turning
direction at an intersection (i.e., turn left, turn right
or go straight). Such a turning model could have an
effect on road congestion, as well as on the clustering
of vehicles. Furthermore, a smooth acceleration and
deceleration model should be considered, since vehicles
do not abruptly start and stop.

II. EVALUATION

In this section, we evaluate the impact of mobility
models generated by MOVE on the performance of
ad-hoc routing protocols, such as AODV. The road
topology generated by MOVE is based on the TIGER
database. We evaluate the effects of different levels
of detail of the mobility models in three case studies.
Specifically, we set out to understand how the existence
of traffic lights, driver route choice and car overtaking
behavior affect the VANET simulation results.
A. Existence of traffic lights

In the real world, traffic lights are used to regulate
traffic flow moving in different directions. The exis-
tence of traffic lights tends to create a clustering effect.
In other words, places where there are traffic lights are
likely to have a higher node density, as vehicles are
forced to stop and wait for the lights to turn green.
Intuitively, a high node density might improve the
network connectivity. Figure 1 shows the distribution
of the number of neighboring nodes when ten traffic
lights are included in the simulations. Our results show
that each node has twice the number of neighboring
nodes when traffic lights are simulated, as compared
to the case when traffic lights are not simulated. Here
we define a “neighboring node” as a node which is
within the radio range of a vehicle. Having a larger
number of neighboring nodes typically suggests better
network connectivity. When the inter-cluster distance
is larger than the radio range, the probability of link
breakages may increase as the number of clusters rises.
We observe this phenomenon in our simulations, as
shown in Figure 2. Furthermore, the number of clusters
is a function of the density and location of traffic lights,
as well as the traffic light cycle and vehicle movement
patterns. As shown in Figure 3, the number of clusters
changes as we change the traffic light densities in our
simulations. As a result, the change in traffic light
densities can affect the network performance. As shown
in Figure 4, different traffic light densities produce
different numbers of clusters in the network, which



TABLE I

COMPARISON OF PATH CHARACTERISTICS BETWEEN THE

SHORTEST AND FASTEST PATHS

Description The shortest path The fastest path  
Probability of congestion higher lower 

Node density higher lower 

Inter-node distance shorter longer 
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Fig. 1. Clustering effect due to traffic lights

results in different packet delivery ratios.
Finally, we find that the traffic light cycle can also

have a significant impact on the network performance.
As shown in Figure 5, we observe from simulations
that the packet delivery ratio decreases as we increase
the traffic light cycle duration (the x-axis is the duration
of the green and red lights). While the increased red
light cycle increases the cluster size, vehicles are also
able to travel farther with a longer green light duration,
which introduces more link breakages between clusters
and results in more packet losses.
B. Driver route choice

In the real world, a driver normally has to decide
which way to move at an intersection, choosing to
either go straight, turn left, or turn right. A driver
may choose a path based on different criteria, such
as travel time, distance, and habit. In general, people
choose the path with the shortest distance to their
destination. However, if everybody chooses the “same”
shortest path, it might actually lead to more congestion
on the road, and, as a result, a longer travel time.
Consequently, the fastest path to destination might
not necessarily be the shortest one, since a faster
path might include road segments which are longer
but less congested. Intuitively, the choice of a path
to the destination could affect node density and the
network topology, as shown in Table I. Specifically,
while drivers choosing the same shortest path might
lead to more congestion, it also creates a network
topology with a higher node density. On the other hand,
when the shortest travel time is considered, the vehicles
could be potentially more uniformly distributed over the
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Fig. 2. Comparison between the effect of the average number of
clusters and the packet delivery ratio
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Fig. 3. Comparison between the effect of traffic light density and
average number of clusters

whole area, which results in a sparser network topology.
As shown in Figure 6, we observe that the network
performance is significantly better when the shortest
path is used as the route choice to the destination. When
the fastest path is selected, it may result in a sparser
network, in which link breakages are more likely to
occur, since the inter-node distance is potentially larger.
However, as we increase the number of nodes in
the network, the differences between different route
selection mechanisms becomes less significant.

Traffic jams or car accidents could also force vehicles
to change their routes. MOVE allows users to simulate
the changes of vehicle mobility on the fly by utilizing
the Traffic Control Interface (TraCI) [7]. However,
changes in routes could potentially affect the network
topology. As discussed previously, when road conges-
tion occurs it could create a network with a higher node
density, thus leading to a better packet delivery ratio. To
illustrate this, we create an accident in the simulation
and study the effect when various numbers of cars
decide to take a different route when they approach the
accident location. As shown in Figure 7, if more cars
decide to re-route when they approach an accident, the
average travel time will decrease, since they will not be
jammed at the accident location. On the other hand, the
packet delivery ratio, as shown in Figure 8, decreases
as we increase the number of cars which decide to re-
route. This is because when more cars decide to re-
route, the network becomes sparser, since fewer cars
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Fig. 4. Comparison between the effect of traffic light density and
packet delivery ratio
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Fig. 5. Effect of traffic cycle duration on the packet delivery ratio
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Fig. 6. The packet delivery ratio in high density networks
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Fig. 7. CDF of travel time
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Fig. 8. Effect of rerouting on the packet delivery ratio
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Fig. 9. Effect of car overtaking behavior on the packet delivery
ration

will be stuck in congestion at the accident location.
C. Overtaking behavior

In the real world, a faster vehicle can pass slower
ones when overtaking is allowed on a multilane road
and the other lanes have space available for this.
Overtaking behavior can have a significant effect on
network topology and should be considered. When
overtaking behavior is not allowed, this usually results
in a chain-like topology and a shorter and more uniform
inter-vehicle distance, which often suggests better net-
work connectivity. However, a dramatic impact on the
network performance is observed when overtaking is
allowed. Moreover, we find that the effect of overtaking
is less significant when the network density is higher.
As shown in Figure 9, the packet delivery ratios in
the overtaking-allowed scenario are close to those seen
in the no-overtaking scenario when we increase the
number of nodes from 250 to 350.

In summary, the results presented about show that
the level of detail included in mobility models, such as
the existence of traffic lights, driver route choice and
car overtaking behavior, can have a significant impact
on the VANET simulation results.
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