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Abstract. Car-to-car communication by means of wireless technology shows a strong potential to
enhance both safety and comfort of road users. The necessity to reach cars beyond the transmission
range of the own radio creates the challenge to find algorithms to efficiently forward packets.
In these so-called vehicular ad hoc networks, position information has been identified as a crucial
component that alleviates some of the limitations of existing topology-based protocols. Thus, we
see the use of positional information at the core of a car-to-car communication system that provides
advanced applications for active safety, distributed floating car data, as well as user communication
and information.
A major thrust to leverage a car-to-car communication platform was provided by the FleetNet
project, partly funded by the German Ministry of Education and Research BMB+F† and led by
DaimlerChrysler AG. Based on ad-hoc networking principles and the availability of position infor-
mation, the project developed suitable communication concepts. In addition to simulation studies,
a prototype communication and application system was implemented and deployed, embedding
safety and convenience applications. With car-based real world field trials successfully conducted,
first results and experiences look promising.

1 Car-to-Car Communication as the Key to Safety

For drivers of vehicles, information about their immediate vicinity is crucial for being able to
drive safely. So far most information is gathered by direct visual observation and in response
to sounds. Some enhanced information on road conditions is available via radio warning, and
navigation support is also becoming state-of-the-art. Recent strategies to improve the driver’s
safety are the BMW Connected Drive [2] initiative, the Vision of Accident-Free Driving by

† Project FleetNet, www.fleetnet.de, under grant BMBF 01AK025
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DaimlerChrysler [3] and the work of the Vehicle and Infrastructure Integration (VII) [1, 7] task
force of the US Department of Transportation.

Driver safety has been recognized as an important challenge by almost all major players
in the automotive industry and by governments in many countries. 450,000 road accidents per
year in Germany and three times this number in Europe with an annual fatality figure of 42,000
(1999) are good reasons to take safety very seriously. This has led to increased efforts to search
for solutions making use of the newest technological advances available and to the launch of
various national and supranational research projects.

While today’s cars use systems that are able to sense their environment, these systems do
not actively exchange information among vehicles as well as among vehicles and the roadside
by wireless communication. Hence, data collected by a vehicle are not available in others. The
vision of vehicle-to-vehicle and vehicle-to-roadside communication is that information avail-
able in cars, such as from sensors and instruments, can be quickly passed on to others in the
immediate vicinity, by means of ad hoc network communication. The extension of sensory infor-
mation allows drivers to react more quickly to emergency situations, e.g., cars ahead braking.
Communication of vehicles with the roadside using the same basic technology provides addi-
tional information towards convenience and comfort, such as special offers available along the
motorway.

In this paper we report on our efforts in the field of inter-vehicle communications carried
out over the last couple of years primarily within the framework of the FleetNet project.
Starting with the concept of position-based forwarding, we have shown by means of network
simulation that this concept has benefits for use in vehicular environments. Based on the results
from network simulations and a software prototype implementation of a position-based router,
we have gained first experiences from measurements in a real-world testbed for car-to-car
communication.

The remaining sections of the paper are structured as follows: After presenting the FleetNet
approach for position-based forwarding in Section 2, we summarize the results from our sim-
ulative protocol evaluation in Section 3. In Section 4 we describe the software prototype im-
plementation. In Section 5 we report on first real-world experiences of the system based on
measurements, and finally give an outlook on our future work in Section 6.

2 Position-Based Forwarding – The FleetNet Approach

Car-to-car communication allows direct communication between any two cars if direct wireless
connectivity exists. In the case of no direct connectivity, multi-hop communication is used,
where a data packet is forwarded from one car to another until it reaches its destination. Figure 1
shows an exemplary scenario where vehicles are warned of an approaching construction site and
also have Internet access through an roadside gateway. It is common to all applications using
multi-hop communication that routing is a particularly challenging task for vehicular ad hoc
networks: on the one hand, due to high dynamics and frequent topology changes a high degree
of adaptivity is required. On the other hand, the routing approach must be scalable with respect
to the high number of cars that potentially communicate in highway or city environments.

In order to meet the requirements for adaptivity and scalability, position-based forwarding
has been chosen as a promising basis for ad hoc network organisation. The general idea of
position-based forwarding is to select the next hop based on position information such that
the packet is forwarded in the geographical direction of the destination (greedy forwarding).
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