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Abstract

In a V2X environment, message processing and data visualization are key technologies influencing both
real and perceived performance and usability of a system. V2X safety applications require frequent
exchange of position information by means of so called Cooperative Awareness Messages (CAMs) or
Basic Safety Messages (BSMs). These messages are generated, encoded and sent by all vehicles and
corresponding actions have to be executed on receiving vehicles. The in-vehicle V2X system can be
divided into several components. Our approach is based on a “two-component” system, consisting of a
vehicle-integrated V2X communication unit (onboard unit, OBU) and a personal portable device (PPD),
such as a smart phone or tablet PC.

Subject of this work is the investigation how to distribute the workload and functionality between the two
components. Our goal is to find a flexible solution that maximizes the overall performance and reliability
of the system. We investigate and compare several message processing approaches and try to combine the
strengths of both components. As a result, we present our final setup that can handle an up to 40 times
higher message rate compared to other investigated solutions.
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Introduction

One of the major questions in the context of vehicle-to-x (V2X) communications (e.g. using ITS G5 or
802.11p) are possibilities of visualization and communication of information to vehicle drivers, but also
vehicle passengers. With the tremendously increasing availability of powerful personal portable devices
(PPD), such as smart phones or tablet PCs, transferring some of these tasks to the PPD of the user becomes
an interesting alternative to vehicle integrated systems1 2.

1http://www.miniusa.com/top-feature-cooper-coupe-connected-nav.html
2http://reviews.cnet.com/8301-13746 7-57330460-48/2011-frankfurt-auto-show-mercedes-iphone-integration/
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New mobile devices are released every few days, often featuring higher computing power and better
displays. According to HTC, today’s smart phone model lifetime is six to nine months3. With these smart
phones, “always connected, personal and contextual” is a good summarization for the current and future
mobile experience4. Their ongoing development towards ubiquitous companions (1) opens also several
possibilities in the automotive domain (2).

In contrast to PPDs, vehicles are evolving much slower. This is a serious issue for the introduction
of advanced information and communication technology (ICT) like V2X. Using a cheap, personal and
exchangeable mass-market mobile devices as head unit add-on or replacement can bridge the lifecycle
gap between automotive and consumer devices (2). It could be sufficient to have a gateway to the
V2X communication system integrated in the vehicle and the mobile device contains the fast changing
technology.

In addition, by combining V2X communication with data from Internet services via the mobile data link
of the portable device (2G, 3G, 3.5G or 4G network), enriched and contextual information can be provided
to the driver and passengers. For example, when the V2X system reports a blocked road or traffic jam
on the route, the application on the mobile device could automatically calculate an alternative route by
querying the public transportation schedules. Furthermore, in safety critical situations, it is an advantage
when drivers are accustomed to the HMI. Since users (i.e. drivers) are in general more acquainted with
the interaction and visualization paradigms of their mobile devices than with car systems, this can support
safety while driving.

In our project, we have investigated such a setup. It consists of a vehicle-integrated V2X communication
platform linked to an Android-based tablet PC. In this setup, it is essential to have an appropriate V2X
message processing system that allows supplying the PPD with the required data. In this paper, we
explore different approaches and discuss how the message processing can be distributed among the two
components. Our key objective is to achieve good performance and reliability while keeping the system
flexible and extensible.

Related Work

Grimm provides a high level discussion of a similar setup in (3). Our work analyzes the possibilities of
work split between the components in detail.

Contributions, Outlook on the Full Paper & Conclusions

In a two-component system, work can be split in different ways. The split should take into account
weaknesses and strengths of the individual components, as well as the options for interlinking the
components.

Figure 1 shows an example for such a split. The PPD runs the applications and is responsible for
HMI. The OBU provides CAM services including message encoding and decoding, GeoNetworking and

3http://money.cnn.com/2011/01/31/technology/new smartphone/index.htm
4http://www.appcelerator.com/company/survey-results/mobile-developer-report-january-2011/
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Fig. 1. Example for workload split between OBU and PPD.

ITS G5. Connectivity between the components is established either via WLAN, Bluetooth, or USB CDC.
Alternatively CAM services could, for instance, be moved to the PPD.

The full paper discusses different splits including pros and cons. It takes into account different options
for interlinking the components. Furthermore, it investigates which data sources are available and easily
accessible by the components. Two approaches have been implemented. The comparison shows that the
split, shown in the example figure, performed about 40 times faster than the one running CAM services
on the PPD.

In conclusion, combining the strengths of both worlds seems to provide a viable solution for market
introduction of V2X systems. The modules implemented in the OBU ensure system stability and reliability
for safety critical applications. The flexibility of modules implemented in the PPD allow for rapid
development of new applications and continuous improvement of user perception.
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