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the reader to [3], where the system design used in this paper

and a discussion on design choices has been presented.

In this paper we present a special simulation environ-

ment, used to analyze the effects of a real-time vehicle-to-2 System Concept and Implementation

vehicle warning-message distribution application on road
traffic. For the realization of this environment, a coupling

sults.

To be able to simulate car-to-car messaging vehicle
concept for coupling a traffic and a network simulator has movement, driver behavior, and network characteristics
been developed and implemented. Besides the simulatiomave to be simulated in one environment. Three compo-
environment and its realization we’ll present simulation re- nents are needed: a traffic simulator, a network simulator,

and a car-to-car messaging application. The components

have to be connected to be able to exchange simulation data
like node positions or application events. The coupling is
described in section 3.

1 Introduction

While more and more application ideas, algorithms for
data exchange and forwarding, concepts for security, and
adaptations of the Wireless LAN technology have been de-
veloped to enable inter-vehicle communication (IVC), the
benefits of this technology on traffic safety and efficiency
has not yet been more than a mere hope. This may be due
to the fact that assessing the effects of deploying specific
applications is a complex matter. Deploying a prototype
and analyzing the effects is almost impossible, since dozens
of prototype vehicles would have to be built, operated and
observed. Thus, it is hecessary to simulate this very com-
plex system first, which is not a simple task either. Vehicle
movement, radio propagation, network protocol behavior,
and vehicle and driver behavior have to be simulated in the
same context and simulation environment. Most of the nec-
essary components like traffic models and radio propaga-
tion models are available, but they need to be adapted, com-
bined, and integrated into a unified simulation environment.
Also, the specific VANET applications need to be added.

Only few projects exist which relate to the subject
of traffic simulation in combination with IVC. The OKI
project [4] is focusing on the potential of using VANETS to
increase traffic safety, especially in the context of intersec-
tion collision warning systems. Bonn-Motion [1] enables
the generation of simple vehicle movement patterns, which
can be used as trace files in network simulators. We refer

Traffic Simulator CARISMA: The CARISMA traf-

fic simulator has been developed by BMW. CARISMA
randomly chooses a start and a destination point on the
map for each vehicle and calculates the shortest path
along the roads. Additionally it periodically receives
data concerning changes in vehicle behavior from the
network simulator, incorporates them, and sends new
node positions and connectivity patterns back to the
network simulator. In case a vehicle is warned against
a local hazard, it may desire to seek a route around the
danger zone. It is CARISMA' job to implement pos-
sible route changes in real-time.

Network Simulator NS2: As network simulator the
widely used NS2 simulator has been used. Its task is
to simulate the mobile car-to-car network.

Application: The warning application has been imple-
mented into the NS2 environment as a comprehensive
new ad hoc agent. It determines the network nodes’ be-
havior while sending, receiving or forwarding data. It
basically implements the message dissemination algo-
rithm for the whole simulation. Messages are flooded
to all reachable other nodes, taking care of certain ar-
eas of relevance and time limits. The findings of [2]
were used as a basis for designing an efficient message
dissemination protocol. Additionally, the agent pro-
vides the warning functionality for the driver and the
full service realization.



Coupling Approach Il At each synchronization poimg,
the traffic simulator does not only send the vehicle posi-
Nework | | communicatin |~ " | communicatin | | [T tions atty, but also the estimated vehicle positions,at
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exchange to the network simulator. Estimations are based on current
- Cllent -— Server - velocity and driving direction. NS2 sets the positions of
the nodes and updates the nodes’ speed and direction based
on the estimated positions ®t 1. This approach also fea-
Figure 1. Coupling of Network- and Traffic- tures consistency of vehicle positions after synchronization.
Simulator Additionally, the mobility model of NS2 is fully utilized,

so the simulation results should get more accurate. How-
ever, this concept introduces some inaccuracies which re-
sult from the extrapolation of the destination positions for
the next synchronization point. The approximation is rather
In order to evaluate impacts of disseminating warning rough, since velocity is wrongly assumed to remain constant
messages on traffic patterns, the traffic and network simu-during the whole interval. Also, bending of roads is not
lator have to run simultaneously and permanently exchangetaken into account by this approach. As a consequence, a
synchronization data. Synchronization data is exchangedconsiderable node positioning error may occur before each
at certain synchronization points in virtual time of the two synchronization point, which is visualized in Fig. 2 (I1). Ad-
simulators. We denote this concept as coupling of simula- ditionally, there are still leaps in the movement of the nodes
tors. in NS2.
Both simulators start with the initialization phase, where
CARISMA transmits the geographic scenario size and the
number of vehicles to NS2 using a standard TCP connection ) o ]
as simulator coupling. Afterwards, the simulation phase COUPIing Approach il At each synchronization poiit
follows, where synchronization data is exchanged period-©NlYy the estimated positions 8, are transferred to the
ically every virtual second. At each synchronization point, Network simulator. Like in the previous approach, NS2 sets
CARISMA informs NS2 about the actual vehicle positions 1€ Positions of the nodes and updates the nodes’ speed
and connectivity data, whereas the traffic simulator relies on@nd direction based on the received positions. An excep-

being notified about desired changes in the vehicles’ routesiON IS the first synchronization poirg, where the vehi-

The coupling based on TCP has been chosen to provide £le's starting positions a@ are also transferred_. .Therefore,

fast and reliable connection and ensure both cross-platformih® network simulator will set the nodes’ positions only at

interoperability and easy extensibility. to. Hence, there are no more leaps in the movement of the
Relevant issues concerning the data exchange are the giffodes in NSZH due tohthe .ut|I|.zat|on. of the mob|l'|ty mode.

ferent coordinate systems, which have to be adapted, and—|owever, atthe sync romzz_;ltlon,pom_tg succeedjnthere

the different level of accuracy when representing vehicle 'S N consistency of the vehicles’ positions between the two

movement. CARISMA simulates acceleration and decel- simulators anymore (Fig. 2(1l1)).

eration of vehicles, where the mobility model of NS2 only

supports nodes moving at a constant speed. Four coupling

approaches to mitigate the position deviations have been in-

vestigated in detail. ]

3 Simulator Coupling Concept

Coupling Approach | At each synchronization poiry,

the traffic simulator sends the current positions of the ve- + ::;;:ilt)r/o;:ulator
hicles to NS2. The network simulator sets the positions e iords intlato;
of its nodes accordingly. Thus, exactly equal vehicle po-
sitions are guaranteed at each synchronization point, which
can be seen in Fig. 2 (I). Nevertheless, this involves sev-
eral severe problems. NS2 is not attuned to accepting abso-
lute positions, but geographical destinations and velocities
with which the node is supposed to move. Apart from that
connectivity between vehicles would be estimated unrealis- Figure 2. Route Deviation of Different Cou-
tically, since the network topology would not change within pling Approaches

a whole second.
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Coupling Approach IV The last approach is a refinement
of approach Ill. The traffic simulator gets a "head start” of Figure 4. CARISMA Snapshot
one simulation period, so that the vehicle positions for the

next synchronization point are no longer estimated, but cal-geek new routes and drive around the danger zone, which
culated. At the synchronization poit the traffic simula-  ¢omprises all roads closer than 250m to the breakdown lo-
tor sends the current vehicle positions to the network sim- .ation.  Since NS2 and CARISMA are coupled, the traf-
ulator, which will update the nodes’ positions accordingly. fic simulator takes into account these route changes of the
Then, the traffic simulator proceedstipwhile the network  yarned cars during simulation. However, not warned ve-
simulator does not do any computing and thus its virtual picles (black dots) still drive through the danger zone and
time |s_st|llto. For all fgrth_er steps,.when the network SiM- nossibly get trapped in congestion. A CARISMA snapshot
ulator is atty, the traffic simulator is ak1, so the traffic (kg 4y shows this scenario after a simulation time of 300s.
simulator will keep a head start in virtual time 4f. At Average velocities of warned and not warned cars have been

each succeeding synchronization point, the traffic simulator|ogged as a means for quantifying the value proposition of
then sends its current vehicle positiong,at, which will car-to-car messaging.

be received by the network simulatortatand used to up-
date the nodes’ speed and directions. This concept is show
in Fig. 3.

With this solution, the consistency of vehicle positions
at synchronization points is ensured. The mobility model
of NS2 is utilized, and there are no leaps in the movement
of the nodes in this simulator. As illustrated in Fig. 3 (1V),
deviations between actual node movement and movemen
within NS2 are negligible.

Therefore we've chosen th&pproach to align the po-
sition of the vehicles between the two coupled simulators.

Several simulation runs were conducted for different ve-
"hicle densities and percentages of wireless enabled cars. In
most cases, warned cars turned out to be considerably faster
than those not warned in this simulation scenario. But in
case of a high number (Fig. 5 shows the dependence of ve-
locity development on traffic density in case a warning mes-
sage is distributed) of vehicles trying to drive around the
hazard, traffic density heavily increases. Thus, average ve-
locities decrease on the alternative routes. This negative im-
pact of introducing dynamic traffic information must be also
taken into account when evaluating the benefits of VANET
_ _ applications.

4 Simulation and Results Within three further experiments, the average velocities
of 1100, 900 and 700 wireless enabled vehicles driving on

Using the coupled simulation environment the follow- an 8knt scenario were observed. Fig. 5 shows the changes
ing scenario has been simulated. 900 vehicles are drivingin vehicle speeds. In the beginning of the simulation, cars
through an 8krf city area. 400 of these cars are equipped drive around according to the so-called Waypoint Uniform
with wireless communication modules (gray dots) and thus mobility model, where average speeds remain at a rather
can send, receive, and forward warning messages. In ourconstant level. After a time of 400%), a vehicle breaks
scenarios a communication range of 400m has been apdown and begins to periodically send out warning mes-
plied. One specific vehicle breaks down in the beginning of sages containing, among other data, its geographical loca-
the simulation run, stops moving, and starts to periodically tion. In all three cases, connectivity is good enough to en-
broadcast a warning message. Cars receiving this messagsure message distribution to all vehicles. Hence, warned
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Figure 5. Average Vehicle Speeds Figure 6. Comparison of Average Speeds be-

tween Warned and Not-Warned Cars
vehicles avoid the hazard area and chose alternate routes.

As a consequence, traffic density increases on surrounding, enicle communication on traffic can be investigated in

roads resulting in decreasing average vehicle speeds. Fig. getail which is crucial for evaluating the benefits for traffic
shows. the decrgasmg vehicle speeds for different denS|t|es$afety and throughput. The presented simulation environ-
of equipped ve_hlcles.. L ment is a big step forward to a realistic representation of
For these simulations a message lifetime of 300s wasyjterent scenarios. The simulations conducted proved that
used. Hence, at 700%), most of the vehicles drop the ., 14 car messaging has impact on road traffic and can be
message because it is not up to date any more. They CONg¢ e\ 1o the driver. In addition the simulations showed that

sider the hazard to be resolved. Velocities rise again a”dwarning to many cars can lead to congestions on alternate

reach the former levels. ) i i routes around the hazard zone reducing or annihilating the
In order to roughly quantify the overall benefits of using panefit of the warning message.

IVC for warning against a local danger, the average veloCi- £ y,re work is devoted to refine and extend the models
ties of warned and not warned cars have been logged duri”%pplied' CARISMA is expected to be replaced with VIS-
a 500s simulation. The results depicted in Fig. 6 prove thatg)y, \yhich provides a more detailed and realistic represen-
wireless eqabled cars strongly *?e”ef'_t of receiving warning ation of vehicle mobility. We are planning to implement
messages in most cases. Only if traffic density and the pery, o application logic in a separate application environment

centage of wireless enabled cars is very high, warned cargimator. This new simulator will provide the environment
are driving at even lower velocities than those not warned , hich an application running in a car depends on. This

_due_to the effects descrlt_)ed above. This effect can be SeeRpqyld enable us to use applications running in the simu-
in Fig. 6; the two graphs intersect and the graph for warned a4 environment in real-world prototypes and vice versa
cars drops below the graph for not-warned cars. In the worst,, i+ ot major modifications.

case, heavy congestion emerges on alternative routes. How-

ever, the area within the fix warning radius of 250m, is
almost free of cars after a while. Only a few mostly not References
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