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Chapter I

Introduction: An Emerging Area of Vehicular Networks and Data Exchange ... 1

Huagqun Guo, Institute for Infocomm Research, A*STAR, Singupore

This chapter gives an overview of this emerging area of vehicular networks, its poiential applications,
its potential wireless technologies for data exchange, and its research activities in the Europe, the United
States (1J.S.), Japan, and Singapore.

Chapter 11
Drive by Wire Systems: Impact on Vehicle Safety and Performance..........cooooo 12
Sohel Anwar, Indiana University-Purdue University Indianapolis, USA

An overview of the drive-by-wire technology is presented along with in-depth coverage of salient drive
by systems such as throttle-by-wire, brake-by-wire, and steer-by-wire systems, and hybrid-electric propul-
sion. A review of drive-by-wire system benefits in performance enhancements and vehicle active safety is
then discussed. This is followed by in-depth coverage of technological challenges that must be overcome
before drive-by-wire systems can be production ready. Current state of the art of possible solutions to
these technological hurdles is then discussed. Future trends in the drive-by-wire systems and economic
and commercialization aspects of these system are presented at the conclusion of the chapter.

Chapter 111
Electromagnetic Compatibility Issues in Automotive Communications ... 43
Todd H. Hubing, Clemson University International Center for Automotive Research, 1SA



This chapter reviews automotive EMC requirements and discusses the design of automotive electron-
ics for EMC. The objective of the chapter is to provide non-EMC engineers and engineering managers
with basic information that will help them recognize the importance of designing for electromagnetic
compatibility, rather than addressing elcctronic noise problems as they arise.

Chapter IV
Automotive Network Architecture for ECUs Commumications ..o 69
Fabienne Nowvel, Laboratory [ETR-UMR, INSA, France
Wilfried Gouret, Laboratory IETR-UMR, INSA, France
Patrice Mazério, Laboratory IETR-UMR, INSA, France
Ghais El Zein, Laboratory IETR-UMR, INSA, France

This chapter introduces the most widely used automotive networks like LIN (Local Interconnect Net-
work), CAN (Controller Area Network), MOST (Media-Oriented Systems Transport), and FlexRay.
To fulfill the increasing demand of intra-vehicle communications, a new technique based on power
line communication {PLC) is then proposed. This allows the transmission of both power and messages
without functional barriers. On the other hand, there are several infotainment applications (like mobile
phones, laptop computers) pushing for the adoption of intra-vehicle wireless communications. Thus,
some potential wireless technologies used in the automotive domain, namely Bluetooth, IEEE 802.11
b/g wireless technology — WiFi, and Zigbee are covered here. Finally, the chapter highlights the chal-
lenges of these wired or wireless alternative solutions in automotive networks,

Chapter V
Enabling Secure Wireless Real-Time Vehicle Monitoring and Control ..o 91
Lek Heng Ngoh, Institute for Infocomm Research, A*STAR, Singapore

In this chapter, the author extends the use of these embedded vehicular networks by proposing to remotely
monitor and control the vehicles through them, in order to realize safety and driver assistance related
applications. To accomplish this task, additional technologies such as real-time wireless communications
and data security are required, and each of them is introduced and described in this chapter.

Chapter VI

MAC and Routing Protocols for Vehicle to Vehicle Communications........ccooveeeiieiineocneee. 105
Xivobo Long, Rensselaer Polytechnic Institute, 1S4
Biplab Sikdar, Rensselaer Polyiechnic Institute, USA

Numerous efforts are currently under progress to enhance the safety and efficiency of vehicular traffic
through intelligent transportation systems. In addition, the growing demand for access to data and infor-
mation from human users on the go has created the need for advanced vehicle-to-vehicle and vehicle-
lo-roadside communication systems capable of high data rates and amenabie to high degrees of node
mobility. Vehicular communications and networks are expected to be used for a number of purposes such
as for enabling mobile users to transfer data and information from other networks such as the Internet
and also for implementing services such as Intersection Decision Systems (IDS), Automated Highway
Systems (AHS), and Advanced Vehicle Safety Systems {AVS). In this chapter the authors describe me-



dium access control (MAC) and routing protocols for vehicular networks and the various factors that
affect their design and performance.

Chapter V11
Inter-Vehicular Communications Using Wireless Ad Hoc Networks ... 120
Raul Aquino-Santos, University of Colima, Mexico
Victor Rangel-Licea, National Autonomous University of Mexico, Mexico
Miguel A, Garcla-Ruiz, University of Colima, Mexico
Apolinar Gonzdlez-Potes, University of Colima, Mexico
Omar Alvarez-Cardenas, University of Colima, Mexico
Arthur Edwards-Block, University of Colima, Mexico
Mawrgarita G, Mayoral-Baldivia, University of Colima, Mexico
Sara Sandoval-Carrillo, University of Colima, Mexico

This chapter proposes a new routing algorithm that allows communication in vehicular ad hoc networks.
in vehicular ad hoc networks, the transmitter node cannot determine the immediate future position of the
receiving node beforehand. Furthermore, rapid topological changes and limited bandwidth compound
the difficulties nodes experience when attempting to exchange position information.

Chapter VIII

The Role of Communications in Cyber-Physical Vehicle Applications ... 139
Nicholas F. Maxemchuk, Columbia University, US4 & IMDEA Networks, Spain
Patcharinee Tientrakool, Columbia Universify, US4
Theodore L. Willke, Columbia University, USA & Intel Corporation, USA

The authors describe applications that improve the operation of automobiles, control traffic lights, and
distribute the load on roadways. The requirements oa the communications protocols that implement the ap-
plications are determined and a new communications paradigm, neighborcast, is described. Neighborcast
comimunicates between nearby entities, and is particularly well suited to transportation applications.

Chapter IX

Integrating Traffic Flow Features to Characterize the interference in Vehicular Ad Hoc
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Lili Du, Purdue University, US4
Satish Ukkusuri, Rensselaer Polytechnic Instinute, USA
Shivkumar Kalyanaraman, Rensselaer Polytechnic Institute, USA

The research in this chapter investigates several fundamental issues, such as the connectivity, the reach-
ability, the interference, and the capacity, with respect to information propagation in VANETs. The authors’
work is distinguished with previous efforts, since they incorporate the characteristics of traffic into these
issues in the communication layer of VANETS; this mainly address the issue of the interference. Previous
efforts to solve this problem only consider static network topologies. However, high node mobility and
dynamic traffic features make the interference problem in VANETS quite different.



Chapter X

Proactive Traffic Merging Strategies for Sensor-Finabled Cats ..o 180
Ziyuan Wang, University of Melbourne, Australia
Lars Kulik, University of Melbourne, Australia
Kotagiri Rumamohanarao, University of Melbourne, Australia

This chapter surveys traffic control strategies for optimizing traftic flow on highways, with a focus on
more adaptive and flexible strategies facilitated by current advancements in sensor-enabled cars and
vehicular ad hoc networks (VANE'Is). The authors investigate proactive merging strategies assuming
that sensor-ecnabled cars can detect the distance to neighboring cars and communicate their velocity and
acceleration among each other. Proactive merging strategies can significantty improve traffic flow by
increasing it up to 100% and reduce the overall travel delay by 30%.

Chapter XI
The Localisation Problem in Cooperative Vehicle Applications ... 200
Javier Ibaviez-Guzmon, RENAULT S A.8., France

111 this chapter, V2V and V21 applications are considered as a spatio-temporal problem. The tenet is that
sharing information can be made only if this is time stamped and related to a spatial description ol the in-
formation sources. The chapter formulates the spatio-temporal problem having as constraint the precision
of the pose estimates of the vehicles involved. It regards the localisation problem and accuracy of digital
road maps as a combined issue that needs to be addressed for the successful deployment of cooperative
vehicle applications. Two case studies, intersection safely and an overtaking manoeuvre are included.
Recommendations on the precision limits of the vehicle pose estimations and the potential uncertainties
that need to be considered when designing V2V and V21 applications complete the chapter.

Chapter X1

An Overview of Positioning and Data Fusion Techniques Applied to Land Vehicle

NAVIZALION SYSIEITIS ..ottt ettt eb et ea bttt erees 219
Denis Gingras, Université de Sherbrooke, Canada

In this chapter, the authors will review the problem of estimating in real-time the position of a vehicle
for use in land navigation systems. After describing the application context and giving a definition of the
problem, they will look at the mathematical tramework and technologies involved to design positioning
systems. The authors will compare the performance of some of the most popular data fusion approaches
and provide some insights on their limitations and capabilities.

Chapter XIN

Efficient and Reliable Pseudonymous AUthenticalion ........coocoeivveiriei e 247
Giovgio Calandriello, Politecnico di Torino, Ttaly
Antonio Lioy, Politecnico di Torino, Italy

Privacy, security, and reliability are key requirements in deploying vehicular ad-hoe networks (VANET).
Without those the VANET technotogy will not be suitable for market diffusion. In this chapter, the au-



thors are concerned with how to fulfill these requirements by using pseudonym-based authentication,
designing security schemes that do not endanger transport safety while maintaining low overhcad. At
the same time the design improves the system usability by allowing nodes to self-generate their own
pseudonyms.

Chapter X1V
Simulation of VANET ApplCations. ..ottt s 264
Valentin Cristea, University Politehnica of Bucharest, Romania
Victor Gradinescu, University Politehnica of Bucharest, Romania
Cristian Gorgorin, University Politehnica of Bucharest, Romania
Raluca Diaconescu, University Politelmica of Buchwrest, Romania
Liviu Iftode, Rutgers University, US4

This chapter systematically presents actual issues regarding the simulation of VANET applications.
Some of them refer to challenges in developing VANET simulators. The chapter discusses simujator
architectures, models used for representing the communication among vehicles, vehicles mobility fea-
tures, and simulation tool implementation methods. A critical analysis of the solutions adopted in some
well-known actual simulators is also included.

Chapter XV
In-Vehicle Network Architecture for the Next-Generation Vehicles oo e 283
Syed Masud Mahmud, Wayne State University, USA

This book chapter describes a number of ways using which the networks of future vehicles could be
designed and implemented in a cost-effective manner. The book chapter also shows how simulation

models can be developed to evaluate the performance of various types of in-vehicle network topologies
and select the most appropriate topology for given requirements and specifications.
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