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ABSTRACT

Vehicle-to-Vehicle (V2V) communications systems éagcently drawn great attention,
because they have the potential to improve conweri@and safety of car traffic. Road
accidents take the life of many people in the wadah year, and much more people
have been injuring and maiming. Statistical studiesw that accidents could be avoid
by 60% if drivers were informed only half a secdrefore the accident. The objective
of this report is to make an analysis of the pabsilof implementing this technology
in Malaysia. This research study is as guidancedeteelop a concept of V2V system.
Applications with early deadlines are expectedequire direct V2V communications,
and the only standard currently supporting thishiss IEEE 802.11p, included in the
wireless access in vehicular environment (WAVE)e Tdombination of WAVE and
GPS is a good idea to forming collision avoidangsesn. The GPS system determines
the location of vehicles and the WAVE system forgnian ad- hoc peer-to-peer
networking among the vehicles.V2V communication d@avehicle to communicate
with their neighbouring vehicles even in the absgeoica central base station to provide
a safer and more efficient roads and to increasegpaer safety. This technology can
be implements in Malaysia but in order to do it sochanging had to be made first to
ensure the effectiveness of the technology. V2V rmamication should have a Doppler
sensor as a device sensor that can integratescmiite control to form adaptive cruise
control. Other than that, it also need WAVE to assareliable communication system
between vehicles. The GPS system is needs to dateract location of car that can
be use in roadways environment such as overtakingtion.
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ABSTRAK

Sistem komunikasi antara kenderaan (V2V) baru-banelah menarik perhatian besar,
kerana sistem ini mempunyai potensi untuk meninghakeselesaan dan keselamatan
lalu lintas. Kemalangan jalan raya meragut banyava di seluruh dunia setiap tahun,
dan ramai lagi yang telah cedera akibat kemalangm raya. Statistik kajian
menunjukkan bahawa sebanyak 60% kemalangan baddkkian jika pemandu di beri
amaran hanya setengah saat sebelum kemalangakubérlguan laporan ini dibuat
adalah untuk melakukan analisis tehadap kemungkimamgimplimantasikan teknologi
ini di Malaysia. Penelitian ini adalah sebagai bimglan untuk membangunkan sistem
V2V di malaysia. Aplikasi dengan waktu tamat awamerlukan komunikasi langsung
V2V, dan satu-satunya komunikasi pada saat ini wlemygnya adalah IEEE
802.11p,yang termasuk dalam akses tanpa wayamdakrsekitaran kenderaan
(WAVE). Kombinasi WAVE dan GPS adalah idea yangkhaituk membentuk sistem
mengelakkan pelanggaran. Sistem GPS menentukarsi l&enderaan dan sistem
WAVE membentuk sebuah rangkaian peer-to-peer ad-hotara kenderaan.
Komunikasi V2V membolehkan kenderaan berkomunikdesngan kenderaan jiran
mereka tanpa perlu adanya stesen pangkalan pusd& omemberikan kondisi jalan
yang lebih selamat dan lebih efektif untuk menirtghka keselamatan
pemandu.Teknologi ini dapat aplikasikan di Malayssapi untuk melakukannya
beberapa pengubahan harus dibuat untuk memastilkdrerkesanan teknologi.
Komunikasi V2V mesti mempunyai sendooppler sebagai sensor peranti yang boleh
berintegrasi dengan cruise control untuk membeatiaiptive cruise control. Selain itu
WAVE juga diperlukan untuk memastikan sistem korkasi yang selamat antara
kenderaan. Sistem GPS adalah diperlukan untuk ngrenlokasi yang tepat daripada
kereta
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

Inter-Vehicle Communications (IVC) systems have ergly drawn great
attention, because they have the potential to irgronvenience and safety of car
traffic. IVC represents communication between viehar vehicle and sensors placed in
or on various locations, such as roadways, signmkingp areas, and even the home
garage. For example, sensor-equipped cars that caroate via wireless links and thus
build up ad-hoc networks can be used to reducécra€cidents and facilitate traffic
flow. Emerging vehicular in the terms of Intra-Velei (In-V), Vehicle-to-Vehicle
(V2V), and, Vehicle-to-Infrastructure (V2I) commeations are fast becoming a reality
and will enable a variety of services for safetgffic efficiency, driver assistance, as
well as infotainment to incorporate into modern oaubbile designs. IVC can be
considered to be more technically challenging bseeatehicle communications need to
be supported both when vehicle are stationary amehwhey are moving. This research

will be focus on V2V communication.

Vehicle-to-Vehicle (V2V) communication can promotere safety. Exchange of
information regarding vehicle dynamics and roaddttoon among vehicles could play a
crucial role in driver and passenger safety. A elriyprovided with information about
road conditions and velocities of the vehicles atbii, is able to make better decisions
concerning vehicle control and travel path. Whehisles communicate their real-time
velocity values, a driver can avoid accidents byustthg her velocity according to

neighbouring vehicle velocities



1.2 PROBLEM STATEMENT

Road accidents take the life of many people inviloeld each year, and much
more people have been injuring and maiming. Skegisstudies show that accidents
could be avoid by 60% if drivers were informed ohblf a second before the accident
(C. D. Wang and J. P. Thompson, 1997). The maisoreaf these accidents is a
limitation in view of roadway emergency events tltain be due to the distances,
darkness, and existence of an inhibiter in the rémcddition, a delay of the vehicle’s
driver to react against the events on the roadveaydcmake irreparable results. Road
and traffic safety can be improved is drivers héneeability to see further down the road
and know if a collision has occurred. This can Ipeeopossible if the drivers and
vehicles communicate with each other. If traffiformation was provided to drivers,
police and other authorities, the road would beersaind travelling on them would
become more efficient. It is possible to build altruop network among several
vehicles that have communication devices. These&bhshwould form a mobile ad-hoc
network and could pass along information about raashditions, accidents and

congestion.



The graph below shows the number of crashes ambeauof fatal crashes than
happen from 1979-20009.
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Figure 1.1: Graph for number of crashes and number of fatehes over the year.

Sources: (MOHAMED, 26 MARCH 2010)

The graph clearly shows that the no of crashesgseasing by a year. The
numbers of fatal crashes also increase with thee@sing number of crash. When the
number of crashes is higher, the possibility faalfarashes to occur will be higher. This
problem will be continue to increase because theeasing the number of vehicle on the

road.



The bar chart below show that the collision typat thccur and the numbers of

non-fatal and fatal crash resulting from the calls
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Figure 1.2:Bar chart for the number of crashes versus typolkision.
Sources: (MOHAMED, 26 MARCH 2010)

Refers to the bar chart, some of the crasheseavdad or prevent by using IVC
communications. With this technology, vehicle cammunicate with each other and
could send along information regarding vehicle g#joand road condition among
vehicles. When vehicles communicate their real-tu@lecity values, a driver can avoid
accidents by adjusting his velocity according ta@hkouring vehicle velocities. These all

problem regarding the accidents can be solved ingusC.

1.3 PROJECT OBJECTIVES

The objective of this projecsto research and propose a concept of inter vehicle

communication (IVC) that suitable to be implemeriteMalaysia.



1.4 PROJECT SCOPES

The scopes of this project are to investigate jragpose recommendations on
possibility IVC concepts in Malaysia. The reseansfil focused on the possible

communications system and protocol that can ustuelea vehicles.



CHAPTER 2

VEHICLE-TO-VEHICLE COMMUNICATION SYSTEM

2.1 INTRODUCTION

This chapter explains in detail Vehicle-To-Vehi¢2V) found in literature.
The main purpose of this research study is as goalto develop a concept system and
to evolve current system. V2Vcommunications arengdio create new services by
transmitting packets from vehicle to vehicle withothe use of any deployed
infrastructures. These services will enable tHaacle to transmit necessary data such as
the current location, the motion’s direction, ahd speed directly to other vehicle. It is
possible to build a multihop network among sevesdlicles that have communication
devices. These vehicles would form a mobile ad ihetwork, and could pass along
information about road conditions, accidents, aodgestion. A driver could be made
aware of the emergency braking of a preceding \elicthe presence of an obstacle in
the roadway. It can also help vehicles negotiatecal points like blind crossings at the

intersections without traffic lights or entrieshighways.

2.2 HISTORY OF V2V

Nowadays we are on the verge of witnessing a weol in automotive
technology. V2V has attracted research attentiomfboth academia and industry in
the US, EU, and Japan. V2V communications systeave lthe potential to improve
convenience and safety of car traffic. For exammensor equipped cars that
communicate via wireless links and build up ad-hetworks can be used to reduce
traffic accidents. One of the earliest studies d@V\Wommunication started by JSK

(Association of Electronic Technology for Automabilraffic and Driving) of Japan in



early 1980s. In 1999, the U.S Federal Communicaflommission (FCC) allocated 75
MHz of spectrum at 5.9GHz used exclusively for eéhto-vehicle and infrastructure-
to-vehicle communication in the U.S called Dedidathort Range Communication
(DSRC). Later, California PATH and Chauffeur of Hldve demonstrated research
results. The newly initiated European Project CdrkKA000 covers problems related
to safe and comfortable driving based on IVC. CdrKA2000 also co-operates with
other projects like German FleetNet for the dewelept of IVC. The Vehicle
Infrastructure Integration (VII), a major initiagvat the United States Department of
Transportation envisions that a future vehicle vio# equipped with an On-Board
Equipment (OBE), which consists of an On-Board Y@QBU), which is essentially a
transceiver, a GPS receiver, and a computer. OrrDieer 17, 2003, the FCC adopted
licensing and service rules for DSRC and lower laggandards developed by the
ASTM 5.9 GHz standards working group. An internaéibstandard, IEEE 802.11p,
also known as Wireless Access for Vehicular Envinents (WAVE), was recently
publishs. Shown below table 2.1 are some of the@wiums that associated with V2V
communications development. (Issam Khalil, Jan28Q36)

Table2.1 Consortiums associated with V2V communicationgetigoment.

Participants Mission

| Consortium

« Facilitate the advancement of vehicle safety through

Vehicle Safety

@ DAIMLERCHRYSLER

communication technologies.

1.2 K

s N « |dentify and evaluate the safety benefits of vehicle safety
Communication L Somat 2 E )~ 4 applications enabled or enhanced by communications.
Consortium TOV » Assess associated communication requirements
(VSC) OYOTA 22 “» including vehicle-vehicle and vehicle-infrastructure
Founded 05/2002 B ' ¥ communications.
| J ‘“ « Contribute to 5.9GHz DSRC standards and ensure they
fliasis effectively support safety.
g « Coordination of European pre-competitve activities in the
EUCAR SGA O @ field of telematics
(Founded in DAIMLERCHRYSLER e Develop Inter-vehicle hazard warning based on 900Mhz
05/2002) Funkwarner technology in Europe

« Define basic message set for safety messages

Car2Car
Communication
Consortium
(C2CC)

{(pending)

o @

A
DAIMLERCHRYSLER
&

« Specification of an industnal standard for an open inter-
vehicle communication platform and for basic safety
applications.

« To achieve allocation of an European frequency band
dedicated for active safety applications.

e To include other OEMs and suppliers into the
consortium.

Source: (Holfelder, 2004)




A number of research projects around the worldehaeen focusing on inter-

vehicle communication systems. This section wilgant some of the larger projects.

In Europe, projects such as DRIVE investigated I54Gtems for a safer and
environmentally friendly transportation. The EurapeAutomotive Industry launched
the Program for European Traffic with Highest B#imcy and Unprecedented Safety
(PROMETHEUS) in 1986; its main objective was to mmakiving in Europe safer,
more economical, more environmentally acceptableremcomfortable, and more

efficient. (Issam Khalil, January 2006)

The PATH project is collaboration between the foafia Department of
Transportation (Caltrans), the University of Caifia, other public and private
academic institutions, and industry. Its main naisss to apply advanced technology to
increase highway capacity and safety, and redwatgcticongestion, air pollution, and
energy consumption. PATH has generated a numbpulgfcations and prototypes in
the area of IVC systems primarily focused on coafes driving and vehicle
platooning. As part of the project, they develo@dIFT, a realistic traffic simulator
that also integrates communication components, tiaiisg especially suitable for the
evaluation of IVC systems. As part of the PATH padj a successful experiment with
eight vehicles in a platoon formation was demomsttréBenouar, 2002).

Fleetnet was a project that set up by a Germasartam of six companies and
three universities that is Daimler-Chrysler AG, Wrhofer Institut fir offene
Kommunikationssystemg=-OKUS], NEC Europe Ltd., Robert Bosch GmbH, Siemen
AG, TEMIC Speech Dialog Systems GmbH, Universibés$lannover and Mannheim,
and Technische Universitat Hamburg-Harburg and @selweig. The project was
funded between 2000 and 2003. The main objectivéhefFleetnet project was to
develop a platform for IVC systems. The project used on three classes of
applications: cooperative driving, traffic inforn@i, and comfort applications. Since
2004 until 2008, most of the members of the Fldetnasortium are working on a new
project named Network on Wheels. The main objestigt this project are to solve
guestions on the communication protocols and deatargy for targeted vehicular

communications.



CarTalk 2000 (2001-2004) was funded by the Eunopdaion within the 5th
Framework program. The partners in the project weagmler-Chrysler AG, Centro
Recherché Fiat, Robert Bosch GmbH, and SiemendheNahds Organization for
Applied Scientific Research, the University of Cgie, and the University of Stuttgart.
The main objectives of the project were the devmlept of cooperative driver
assistance systems and a self-organizing ad-hoo naetwork as the basis for
communication with the aim of preparing a futuranstard (Issam Khalil, January
2006).

The Japan Automobile Research Institute (JARDmME&rly the Association of
Electronic Technology for Automobile Traffic and ilang (JSK), has a number of
projects studied V2V systems since the early 1980he 1990s, the project focused on
cooperative driving; now it has shifted toward gtendardization of IVC systems. One
of the projects demonstrated a prototype for raf@ordination (DEMO 2000). In Italy,
the Telecommunication Network for Cooperative Dityi (TELCO) project has
investigated the feasibility of an IVC system wadkiat millimetre waves between 60
and 64 GHz. They have also investigated IVC systéased on GPRS and 3G
networks (Issam Khalil, January 2006).

2.3 EXISTING COMMUNICATION TECHNOLOGY FOR V2V SYSTEM

2.3.1 Bluetooth

Bluetooth is a wireless technology optimized ftwoi-range communication
with low power. A Bluetooth ad-hoc network, calladpiconet, accommodates up to
seven users. Piconets that have common users oanafescatter net. However, the
common user can be active in one piconet at a fima.piconet, an arbitrary user plays
the role of the “master" and the other users atslases". Initially, different users have
different clock times but in a piconet the slavec&s are synchronized with the master
clock. A slave can be in the active communicationstandby mode. The master
controls the medium access. It polls the slavescéonmunication and schedules the
transmission of the active users based on tra#mahds to and from the different
slaves. In addition, it supports regular transmnissito keep slaves synchronized to the
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channel. It is reliable up to a speed of 80 km/th eenge of 80 m. However, it can take
up to 3 seconds to establish the communicatioadtiition, since Bluetooth requires a
master and slave setup, the master could potgnteflise a communication request. In
addition, the master may already be communicatiitg another slave, which would

lower the possible communication rate (Bicke, 2006)

2.3.2 Ultra-Wideband (UWB)

An alternative to Bluetooth is a new radio frequeriechnique called UWB.
UWB technology loosely defined as any wirelessdmaission scheme that occupies a
bandwidth of more than 25% of a centre frequencynore than 1.5GHz. UWB uses
very short pulses, so that the spectrurthefemitted signals spread over several GHz,
because of the wideband nature of the signal, U\A8Hdeen used in radar applications.
The Federal Communication Commission (FCC) refereWB technology as having
high values of fractional bandwidth .The main adages of UWB technology are its
high data rate, low cost, and immunity to interfex@ On the other hand, it could
possibly interfere with other existing radio seedcfor instance, the Global Positioning
System (GPS). Because of a lower bit error raectided Gaussian pulses waveform is
thought to be superior to monocycle pulses. Theeayss not believed to be too
sensitive to multipath or jitter effects. The fabat UWB could potentially interfere
with communication sources is a technical probleat tnust be solved before it could
be used in V2V systems. Also, there is a conceat thVB's radio coverage could
extend to uninvolved vehicles, which could generfalse or irrelevant information
(Bicke, 2006).

2.3.3 Dedicated Short Range Wireless Communications (DSRC

DSRC is a multi-channel wireless standard thaéthas the IEEE 802.11a PHY
and the IEEE 802.11 MAC. It is targeted to opemater a 75 MHz licensed spectrum in
the 5.9 GHz band allocated by the FCC in 1999 ler support of low-latency V2V
communications. Clearly, communications-based V2Afety systems should not
operate in an unlicensed band either at 2.4 GHz GHz. The creation of hand-held
and hands-free devices that occupy these bandsy aldh the projected increase in
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Wi-Fi hot spots and wireless mesh extensions, cooa#lise intolerable and
uncontrollable levels of interference that couldatile the reliability and effectiveness
of low-latency vehicular safety applications. This, turn, makes a strong case for
investigating DSRC as a potential candidate fopsung low latency vehicular safety
applications to reduce collisions and save liveshenroad. Even with a licensed band,
cooperative spectrum management must ensure eeliabd fair access to all
applications, including priority scheduling of ftiiaf between different application
classes as well as within a given class. Unlike.BD2multi-channel coordination is a
fundamental capability of DSRC. Although IEEE 8M2.PHY supports multiple
channels, MAC operation over the multiple channsldeft optional to individual
vendors and is not supported by the standard. Agqubout earlier, DSRC is similar to
IEEE 802.11a, except for the major differences afey frequency band, application
environment, MAC layer and physical layer. Opemtifrequency Band for DSRC is
targeted to operate in a 75 MHz licensed spectmoural 5.9 GHz, as opposed to IEEE
802.11a which is allowed to utilize only the unhsed portions in the 5 GHz band.
Application Environment, DSRC is meant for outddogh-speed vehicle up to 200
km/h applications, as opposed to IEEE 802.11amalty designed for indoor WLAN
applications. Thus, all PHY parameters are optichifer the indoor low-mobility
propagation environment. This brings new challerfgesvireless channel propagation
with respect to multi-path delay spread and Dopplégcts caused by high mobility.
DSRC MAC Layer, the DSRC band plan consists of seaf&nnels which include one
control channel to support high priority safety ssges and six service channels to
support non-safety applications. Prioritizing safetver non-safety applications is an
open problem that started to receive attentiorhenliterature and is closely related to
the problem of multi-channel coordination. Asidenr these differences, the DSRC
MAC follows the original IEEE 802.11 MAC and its tersions, for example IEEE
802.11e QoS. The bandwidth of each DSRC channH) isIHz, as opposed to the 20
MHz IEEE 802.11a channel bandwidth. Clearly, thas direct impact on the maximum
data rate DSRC can support (27 Mbps), as wellra;\@ parameters and frequency
parameters. A side from these and some differeimcéise transmit power limit, the
DSRC PHY follows exactly the same frame struct@4, sub-carrier OFDM-based
modulation scheme, and training sequences spedifidEEE 802.11a PHY. Thus, the
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impact of the drastically different vehicular emnment on the DSRC PHY

performance needs thorough investigation (SoheilBana, 2001).

2.3.4 Wireless Access for Vehicular Environments (WAVE)

The IEEE 802.11p workgroup is currently workingstandardizing the wireless
access for vehicular environment (WAVE). WAVE Igetnext generation dedicated
short-range communications (DSRC) technology, wipicdvides high-speed V2V data
transmission and has major applications in intefligtransportation systems (ITS),
vehicle safety services and Internet access. Qpgratt 5.850-5.925GHz, WAVE
systems adopt orthogonal frequency-division mudtiplg (OFDM) and achieve data
rates of 6-27Mbs/s. WAVE technology is a revolutisalution for vehicle safety
enhancement by providing drivers with early warnipgrceive and assistance. It is an
extension of humans natural sensing and realiziesetesing of vehicles. WAVE
systems will build upon the IEEE 802.11p standaithe IEEE802.11p standard is
meant to describe the functions and services reduiy WAVE-conformant stations to
operate in a rapidly varying environment and exgleamessages without having to join
a Basic Service Set (BSS), as in the tradition&lHB02.11 use case. The BSS is a term
used to describe the collection of stations whicily mommunicate together within
an 802.11 WLAN (Wireless Local Area Network).VeHaiusafety communications use
cases demand instantaneous data exchange capabditd cannot afford scanning
channels. Therefore, it is essential for IEEE 80@.dadios to be, by default in the same
channel and configured with the same Basic Serfiet Identification (BSSID) to
enable safety communication. A station in WAVE maslaallowed transmitting and
receiving data frames with the wildcard BSSID vadnel without the need to belong to
a BSS of any kind. This means, two vehicles canaadiately communicate with each
other upon encounter without any additional ovedhasa long as they operate in the
same channel using the wildcard BSSID. So when dfashed car transmits the
emergency messages, the other vehicle that nearcdahewill get the message
immediately. Upon receiving the message, the drosr make an action by stay in
caution. Then send the message to other cars iradhboc network environment
(Weidong Xiang, 2008).



