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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



12

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).
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Figure 2.1: WAVE prototype

Sources: (WeidongXiang, december 2009)

Figure 2.2 Wi-Fi Aerial

Sources: (WeidongXiang, december 2009)

Using WAVE technology in exchanging data processeguire real-time
communication with high reliability, meaning thatgkets must be successfully
delivered before a certain deadline. Examples @ftime deadlines within traffic safety
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applications are lane-change warnings, rear-enéisiool warnings, and conveying
slippery road conditions, all of which include magss which must reach the intended
recipients before the event takes place. A Voicer d® (VolP) conversation over the
Internet is an example of a real-time system thatdata packets with deadlines since it
is better to drop VoIP packets that are late tlmamtroduce longer and longer delays.
The antilock braking system (ABS) in a vehicle mother example of a real-time
system; but contrary to the VoIP application, tegquirement on error probability is
significantly higher in this control application chialso packets delivered shortly after
the deadline could be used with diminishing retuf@se of the most important parts
real time communication systems is the MAC metHdutere are two MAC method, the
802.11p and STDMA MAC Methods (Katrin Bilstrup, 2&mber 2008).

The Mac Method of 802.11p

WAVE contains an MAC and PHY layer derived fromEEE 802.11 , a new
transport/network layer protocol (IEEE 1609.3),s@g issues specified in 1609.2, and
an application protocol called 1609.1. The MAC noethof the upcoming standard
IEEE 802.11p is a CSMA/CA derived from the 802.afid 802.11p will also use the
guality-of-service (QoS) amendment 802.11e. The P&y¥ér of 802.11p is the 802.11a
based on orthogonal frequency division multiplexi@FDM), with some minor
changes to fit the high-speed vehicular environm&he 802.11p together with the
1609.4 standard is designed for 10MHz wide chaninskead of 20MHz as it is in the
original 802.11a. Due to this, the transfer ratds lve halved in 802.11p compared to
802.11a, implying transfer rates of 3, 4.5, 6, 3, 18, 24, and 27 Mbps. The different
transfer rates are obtained through changing madaolacheme and channel code rate.
Another big difference in the 802.11p comparectdriginal 802.11 is that there is no
difference between the nodes in the network, thaali nodes are peers including the
roadside units.

IEEE 802.11p will use enhanced distributed chamwekess (EDCA) from the
QoS amendment IEEE 802.11e as MAC method, whi@nisnhanced version of the
basic distributed coordination function (DCF) foumd802.11.The DCF is based on

carrier sense multiple access with collision avogda(CSMA/CA), meaning that the
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station starts by listening to the channel, and i§ free for a time period called an
arbitration interframe space (AIFS), the sender stmt transmitting directly. If the

channel is busy or becomes occupied during the AtR8& station must perform a
backoff, that is, the node has to defer its aceessrding to a randomized time period.
In 802.11p, QoS is obtained by putting the dat#fi¢ravithin each node into four

different priority queues. These queues have d@ffetAIFS and backoff parameters,
that is, the higher priority, the shorter AIFS. Tieckoff procedure in 802.11 works as

follows:

(i) Draw an integer from a uniform distribution ®V], where CW refers to the current
contention window,

(i) Multiply this integer with the slot time dered from the PHY layer in use, and set
this as the backoff value,

(iif) Decrease the backoff value only when the ctedns free,

(iv) Upon reaching a backoff value of 0, send imrataly.

The MAC protocol of 802.11 is a stop-and-wait poatl and the sender will
wait for an acknowledgment (ACK). If no ACK is réed by the sender for some
reason (that the transmitted packet never readieedetipient, the packet was incorrect
at reception, or the ACK never reached the sendebbpckoff procedure must also be
invoked. For every attempt to send a specific patke size of the contention window,
CW, will be doubled from its initial value (CWminintil it reaches a maximum value
(CWmax). This is done since during high utilizatiperiods, it is convenient to
distribute the nodes that want to send over a lotigge period. After a successful
transmission or when the packet had to be throwaydvecause the maximum number
of channel access attempts was reached, the ciomevindow will be set to its initial
value again. Table 2.2 shows the default paranssttings for the different queues in
802.11p are founds together with the CW settingrid@ilstrup, 7 December 2008).
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Table 2.2: The default parameter settings for the differardguges in 802.11p

Queue no. 1 Queueno. 2 Queueno. 3 Queue no. 4

Priority  Highest — Lowest
AIFS 34 us 34us 43 ps 79 us
CWaan 3 7 15 15
CWana 511 1023 1023 1023

Source: (Katrin Bilstrup, 7 December 2008)

In a broadcast situation, the receiving nodes moll send ACKs. Therefore, a
sender never knows if anyone has received thenstesl packet correctly or not. Due
to this, the sender will perform at most one batkehich occurs when the initial
channel access attempt senses a busy channel. ,Heoneelcast packets will never
experience multiple backoffs, and the contentiomdeiv will always be CWmin.
Figure 2.3 shows a flow diagram presents the CSMdécguure in the broadcast
situation with periodic traffic.
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Figure 2.3 The CSMA procedure according to 802.11p

Source: (Katrin Bilstrup, 7 December 2008)
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Self-Organizing Tdma (STDMA) Mac Method

The STDMA algorithm is found in a standard for teRipping industry,
automatic identification system (AIS). There aréeinational regulations saying that
ships larger than 300 gross ton must use AIS, wisicghtransponder technique. Every
ship will transmit messages containing informatadout its position, heading, and so
on, at a predetermined heartbeat rate. The Al®ys used for identifying ships in the
vicinity and it is of great help in, for exampleacdweather situation since false radar
images are a problem. With AIS, the ship will builsl own surveillance picture about
the neighbourhood using the messages received dtbier ships. Ships all over the
world can meet and track each other through thstesy. AIS divides the time into one
minute frames where each frame contains 2250 tiote and a transfer rate of 9.6 kbps
is supported. Two different frequency channels,Mi8t and 162 MHz, are used for
communication and the ships will divide its messapetween these two channels
(called channel A and channel B). A message islit6long and it fits into one time
slot.

STDMA is a decentralized scheme where the netwoeknbers themselves are
responsible for sharing the communication chanmel due to the decentralized
network topology, the synchronization among the esodre done through a global
navigation satellite system such as GPS. The dlgoris dependent on that all nodes
are the network regularly sends messages contaimiogmation about their own
position. The STDMA algorithm will use this postianformation when choosing slots
in the frame. All network members start by detelingra report rate, which is, deciding
the number of position messages that will be sanhd one frame and this translates
into the number of slots required. After a nodeéuisied on, four different phases will
follow: initialization, network entry, first frameand continuous operation. During the
initialization phase, the node will listen for tiebannel activity during one frame to
determine the slot assignments, that is, listethéoposition messages sent in each slot.
In the network entry phase, the station determitseswn slots to use for transmission

of position messages within each frame accordirtgedollowing rules:
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(i) Calculate a nominal increment, (NI), by dividithe number of time slots with the
report rate,

(i) Randomly select a nominal start slot (NSSwdrdrom the current slot up to the NI,
(iif) Determine a selection interval (Sl) of slas 20% of the NI and put this around the
NSS,

(iv) Now the first actual transmission slot is el@tined by picking a slot randomly
within Sl that is not currently occupied by somea@tge and this will be the nominal
transmission slot (NTS).

51 al 5l
A ~ 7
I I I
NI NI

Figure 2.4: The frame structure for one node.

Source: (Katrin Bilstrup, 7 December 2008)

If all slots within the Sl are occupied, the slsied by a station located furthest
away from oneself will be chosen. Upon reachingfitst chosen NTS, the station will
enter the first frame phase where the rest of dépent rate decided transmission slots
(NTSs) are determined. An NI is added to the NSGanew Sl area is made available
to choose a slot from. This is repeated until anfrahas elapsed and all position
messages are assigned a transmission slot. Eveey mas only one NSS and this is
used to keep track of when the frame starts far plairticular node, that is, all nodes
keep track of its own frame and they look at iaing buffer with no start and no end.
Modulo operations are used to avoid static numieoh slots. In computing, the
modulo operation means finds the remainder of dimi®f one number by another. The
parameters NSS, NS, Sl, and NI are kept constafgrgsas the node is up running.
However, if the report rate changed during openafincreased or decreased number of
position messages in the frame for some reason)tiieeparameters will changed since

NI is dependent on the report rate.
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When all slots within one frame duration are selécthe station will enter the
continuous operation phase, using the NTSs deaideithg the first frame phase for
transmission. During the first frame phase, theenadl draw a random integer n for
each NTS. After the NTS has been used for themdsa a new NTS will be allocated
in the same Sl as the original NTS. This procedirehanging slots after a certain
number of frames is done to cater for network ckanghat is, two nodes that use the
same NTS that were not in radio range of each otliren the NTS was chosen could
now have come closer and will then interfere if MES allocation was not changed
(Katrin Bilstrup, 7 December 2008).
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Source: (Katrin Bilstrup, 7 December 2008)
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Phy Layer

At PHY level, the philosophy of IEEE 802.11p desig to make the minimum
necessary changes to IEEE 802.11 PHY so that WA®HHcds can communicate
effectively among fast moving vehicles in the roagivenvironment. This approach is
feasible because IEEE 802.11a radios already apatdi GHz and it is not difficult to
configure the radios to operate in the 5.9 GHz banternationally. It is also desirable
and sensible because of the technical challengedved in radically amending a
wireless PHY design. While MAC level amendments &radamentally software
updates that are relatively easy to make, PHY lameéndment necessarily should be
limited in order to avoid designing an entirely nemweless air-link technology. The
changes made described as follows.

IEEE 802.11p is essentially based on the OFDM Pd#&fined for IEEE
802.11a, with a 10 MHz wide channel instead of 20eMHz one usually used by
802.11a devices. IEEE 802.11 already defines 10 Mide channels, and it is straight
forward in implementation since it mainly involve®ubling of all OFDM timing
parameters used in the regular 20 MHz 802.11artressgons. The key reason for this
scaling of 802.11a is to address the increased RIgI8y spread in the vehicular
environments. The root-mean-square (RMS) delay ashie probably the most
important single measure for the delay time extwna multipath radio channel. A
recent study by CMU and General Motors shows thardinterval at 20 MHz is not
long enough to offset the worst case RMS delayaspré choice is simply between
scaled versions of 802.11a, then 10 MHz is a resserchoice.

There also need to improve receiver performan@seRrch shows there are
potential for immediate neighbouring vehicles tdeifere each other if they are
operating in two adjacent channels. For exampleghacle A transmitting in channel
176 could interfere and prevent a vehicle B in tiext lane from receiving safety
messages sent by vehicle C that is 200 m away anre 178. Cross channel
interference is a well known and natural physigalperty of wireless communications.

The most effective and proper solution to such eomis through channel management
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policies that is completely outside of the scopdE&E 802.11. (Katrin Bilstrup, 7
December 2008)

24  SYSTEM AND SENSOR FOR V2V

2.4.1 Embedded Computational Units (ECU)

The ECUs are intended to be used as building bldok larger functions.
However, they can also be used as stand-aloneidnatblocks. The key to the design
flexibility of the ECUs is the easily accessiblentol signals. These control signals are
connects to the normal routing channels, whichalaa establish connectivity with the
I/Os if the designer wants to drive the controlnsig externally. An ECU is an
embedded system that controls one or more elecgutasystems in a vehicle. Output
signals from an ECU contain information about therent state of the vehicle as the
driver interacts continuously with the vehicle. lexample, when the driver signals left
by triggering the left signal handle, an ECU sertkesschange and immediately sends a
signal to instruct the lightning system to light tipe left signal light. A modern
automotive can consists of up to 70 ECUs, sensi) taking tabs of the various
parameters of the automotive. This rapid and complehange of signals ensures the
proper functioning of the car. (held, 2007)

2.4.2 WAVE RF Front End

The RF front end is generally defined as everghtiatween the antenna and the
digital base band system. For a receiver, thisWbenh” area includes all the filters, low-
noise amplifiers (LNAs), and down-conversion mixexeded to process the modulated
signals received at the antenna into signals deitédr input into the base band
analogue- to-digital converter (ADC). For this r@asthe RF front end is often called
the analogue-to digital or RF-to-base band portdna receiver. Radios work by
receiving RF waves containing previously modulaiatbrmation sent by a RF
transmitter. The receiver is basically a low no@saplifier that down converts the
incoming signal. Hence, sensitivity and selectiatg the primary concerns in receiver

design. Conversely, a transmitter is an up conwarteutgoing signal prior to passage
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through a high power amplifier. In this case, nimedrity of the amplifier is a primary

concern. Yet, even with these differences, thegtesif the receiver front end and
transmitter back end share many common elemengsidikal oscillators. Thanks to

advances in the design and manufacture of intedyrabeuits (ICs), some of the

traditional analogue IF signal processing tasks ba&n handled digitally. These

traditional analogue tasks, like filtering and upach conversion, can now be handled
by means of digital filters and digital signal pessors (DSP) (WeidongXiang,

december 2009).
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Figure 2.6: WAVE RF fronts ends

Source (WeidongXiang, december 2009)

2.4.3 Digital Signal Processing (DSP) Board

DSP applications utilizing multipliers in signahdh data processing include
filtering, image processing video compression armenHigh computational power is
needed to achieve real-time performance while @%ng the signal and data.
Therefore, designers should keep their options dperhardware implementation of

arithmetic intensive functions such as multipliared adders since implementation of
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these functions in an ECU can yield much higheedpgeerformance. Furthermore, the
ECUs are easily accessible via a sea of high padoce FPGA gates and dual-port
embedded RAM blocks. Such a device can deliveropmdnce, flexibility, parallel
processing, and multi-channel processing capadsliti

Figure 2.7: DSP Board

Source: (WeidongXiang, december 2009)

In many of today’s DSP applications, there is adhé be able to adapt to
unknown conditions. The use of a fixed coeffici€énnite Impulse Response (FIR)
filters in many cases is not sufficient. DSP amlmns such as echo cancellation,
estimation, and detection must use filters thatakehdifferently depending on the
conditions of the channel they are in. Thereforeadaptive filter is the natural choice
for these types of applications. An adaptive FlReffiis an FIR filter with coefficients
that can be dynamically configured by an adaptigerdhm. There are many different
adaptive algorithms available that are tailoreddifferent applications. One of these

algorithms is the Least Mean Square (LMS) algorithm
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2.4.4 Gps Sensor

The 28 satellites in the GPS are deployed in dgikal planes, each spaced 60°
apart and inclined 55° relative to equatorial plarkhe orbit of each satellite has an
approximate radius of 20200km, resulting in an tatlyperiod of slightly less than 12
hours. The system design ensures users worldwideldhbe able to observe a
minimum of five satellites, and more likely to gix eight satellites, at any given time,
provided they have an unobstructed view of the 3kys is important because users
with no knowledge of their position or accurate dimequire a minimum of four
satellites to determine what is commonly known @sitpn, velocity and time solution,
or PVT. The PVT data consist of latitude, longitudkitude, velocity, and corrections

to the GPS receiver clock.

The GPS satellites continuously broadcast infomnmabn two frequencies,
referred to as Land L, at 1575.42MHz and 1227.6MHz, respectively. The L
frequency is used to broadcast the navigation signaon-military applications, called
Standard Positioning Service (SPS). Because thgnalidesign called for the SPS
signal to be lower resolution signal, it is modeathtvith a pseudorandom noise (PRN)
code referred to as the Coarse Acquisition (C/AllecoThe navigation message
broadcast by every GPS satellites contains a yaokinformation used by each GPS
receiver to calculate a PVT solution. The inforraatin this message includes time of
signal transmission, clock correction and ephendais for the specific space vehicle
(SV), and an extensive amount of almanac and additistatus and health information
on all of the satellites in the GPS.

Each SV repeatedly broadcasts a navigation megbagds 12.5 minutes in
length, and consists of 25, 1500-bit data framassimitted at 50 bits per second. A
single data frame is composed of five 300-bit stdmkes, each containing different
status or data information for receiver, precedgdwn 30-bit words with SV-specific
telemetry and handover information. The first thiagb frames, containing clock
correction and ephemeris data relevant to the Bp&Y, are refreshed as necessary for

each data frame transmitted during the navigatiessage broadcast. The almanac and
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other data transmitted in the final two sub fraraeslonger data segments, relevant to
the entire GPS, requiring the full 25 data frantebe broadcast completely.

GPS receivers are composed of three primary coergenthe antenna, which
receives the radio frequency (RF), broadcasts fsamellites; down converter, which
converts the RF signal into an intermediate frequefiF) signal; and the baseband
processor or correlator, which uses the IF sigonahd¢quire, track, and receive the
navigation message broadcast from each SV in viglweoreceiver. In most system, the
output of the correlator is then processed by aagprocessor (MPU) or microcontroller
(MCU), which converts the raw data output from ttwerelator into the positioning
information which can be understood by user or laoapplication. Several different
techniques have been developed for using the GP8pwint a user’'s position and to
refine that positioning information though a condiion of GPS derived data and
additional signals from a variety of sources. Sarfighe popular techniques, such as
autonomous positioning, differential positioningdaserver-assisted positioning, are
briefly described below (lvlacic, 2001).

Figure 2.8: GPS sensor

Source: (WeidongXiang, december 2009)
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Autonomous positioning, also known as single-pgiositioning, is the most
popular positioning technique used today. Generallytonomous positioning is the
practice of using a single GPS receiver to acqaie track all visible GPS satellites,
and calculate PVT solution. Depending upon the loiéipas of the system being used
and the number of satellites in view, a user'sude, longitude, altitude and velocity

may be determined.

The use of differential GPS (DGPS) has become popaimong GPS users
requiring accuracies not previously achievable vgihgle-point positioning. Unlike
autonomous positioning, DGPS uses two receiversatoculate PVT, one placed at a
fixed point with known coordinates, known as thestaasite, and a second, a mobile
unit, which can be located anywhere in the areebaading of the master site where an
accurate position desired. For example, the mastercould be located on a hill or
along the coastline, and the mobile unit could &R5 receiver mounted in a moving
vehicle. This would allow the master site to hawdear view of the maximum number
of satellites possible; ensuring that pseudo raiageection for satellites being tracked
by the mobile unit in the vicinity would be availabThe master site tracks as many
visible satellites as possible, and processedititatto derive the difference between the
positions calculated based on the SV broadcastghen&inown position of the master
site. This error between the known position andctileulated position is translated into
errors in the pseudo range for each tracked datdilom which corrections to measured
distance to each satellite are derived. Correctionmeasured pseudo ranges at the
master site are considered equally applicable tb beceivers with minimum error as
longs, as the mobile unit is less than 100 km fthenmaster site. This assumption is
valid because the distance at which the GPS gateHire orbiting the earth is so much
greater than the distance between the masterrgit¢ha mobile unit that both receivers
can effectively be considered to be at same locagtative to their distance from each
SV. Therefore, the errors in the pseudo range bl for a particular satellite by the
mobile unit are effectively the same errors in saene pseudo range at the master site.
Of course, to calculate a position DGPS, a mohilg onust establish communication
with a master site broadcasting DGPS correctionrimétion. Alternatively, a GPS
receiver that has wireless communication capadslittuch as one that is integrated into
an intelligent vehicle, may be able to access D@&®ection data on the Internet, or
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have it delivered on subscription basis from a gigvdifferential correction service

provider. (lvlacic, 2001)

Inverse differential GPS (IDGPS) is a variant o6BS in which a central
location collects the standard GPS positioning rimfation from one or more mobile
units, and then refines that positioning data lgcalsing DGPS techniques. With
IDGPS, a central computing centre applies DGPSectian factors to the positions
transmitted from each receiver, tracking to a higlygree of accuracy the location of
each mobile unit, even though each mobile unit tvaly access to positioning data from
a standard GPS receiver. This technique can be owosteeffective in some ways than
standard DGPS, since there is no requirement Hedt mobile unit be DGPS-enabled,
and only the central site must have access to GBB®correction data. However, there
is an additional cost for each mobile device, siraeh unit must have a means of
communicating position data back to central compfaterefinement. For applications
such as delivery fleet management or mass trdB$a?S may be an ideal technique for
maintaining highly accurate position data for eaehicle at a central dispatch family,
since the communication channel is already availadhd the relative cost of refining
the positioning information for each mobile unit the central location is minimal
(Ivlacic, 2001).

Server-assisted GPS is a positioning techniquectirabe used to achieve highly
accurate positioning in obstructed environmentsis Tlechnique requires a special
infrastructure that includes a location servefanence receiver in the mobile unit, and
a two-way communication link between the two. Theshnique is best suited for
applications where location information needs tabailable on demand, or only on an
infrequent basis. In a server-assisted GPS sydtenipcation server transmits satellite
information to the mobile unit, providing the redace receiver with a list of satellites
that are currently in view. The mobile unit usess thatellites view information to
collect a snapshot of transmitted data from thewvaait satellites, and from this
calculates the pseudo range information. This 8ffely eliminates the time and
processing power required for satellite discovemg acquisition. Also, because the
reference receiver is provided with the satellimw the sensitivity of the mobile unit
can be greatly improved, enabling operation inbudiédings or in other places where an
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obstructed view will reduce the capabilities ofartonomous GPS receiver. Once the
reference receiver has calculated the pseudo rfangbe list of satellites provided by
the location server, the mobile unit transmits tim®rmation back to the location
server, where the final PVT solution is calculat€étle location server then transmits
this final position information back to the mobdevice as needed. Because the final
position data is calculated at the location serseme of the key benefits of DGPS can

also be leveraged to improve the accuracy of tisgtipa calculation (lvlacic, 2001).

The enhanced client-assisted GPS positioning tqubnis a hybrid between
autonomous GPS and server-assisted GPS. This tygmdution is similar to the server-
assisted GPS, with the location server providirg riiobile unit with a list of visible
satellites on demand. However, in an enhancedtelssisted system, the mobile unit
does the complete PVT calculation rather than sgndseudo range information back
to location server. This technique essentially reguthe same processing power and
capabilities as an autonomous GPS solution, intiaddito a communication link
between the mobile unit and location server. Howetlee amount of time required to
complete the PVT calculation is much less than vaithautonomous GPS solution,
because of the satellite view information provided the location server and fewer
exchanges with the location server are required th#h a server-assisted solution.
(Ivlacic, 2001)

Collision warning system is the ones of the pramgservices which is aims for
a safe and comfortable drive by tracking the movemef other vehicles. Vehicles
transmit necessary data such as the current locate motion’s direction, and the
speed for tracking purpose and the CWS providesoapipte alerts or navigation to
drivers, helping them become aware of the existeotceother vehicles that are
approaching the same intersection from other doest even if these vehicles are out
of sight. Vehicles equipped with the CWS come s&mmany vehicles on their way and
need to provide their own data promptly to othdnieles. The Carrier Multiple Access
(CSMA) is suitable for Media Access Control (MAC) the V2V because it allows
distributed media access and all data packetsdadoasted. It is also important to

maintain the freshness of data because the losabbmoving vehicles continuously
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change with the time. This means reliable dataveeés are required for the CWS and

data must be delivered timely, for example withd®ds.

2.4.5 Speed Sensors

The sensor components are head- way and the rgjeemgle sensor.
Information on steering angle is used to furtheppsut the data received from the
headway sensor by permitting greater discriminati@tween hazards and spurious
signals. Two types of the headway sensor considaedadar and laser radar. Velocity
and range information is obtained by measuringrétar signal's Doppler frequency
shift and reflection delay respectively. The refilee time of these determines the
distance to the object in front. In the lidar syste laser diode produces infra red light
signals, the reflections of which are detected Iphato diode. Both these sensors have
advantages and disadvantages. The radar systeot affected by rain and fog. The
laser radar is more selective by recognizing tlaadsrd reflectors on the rear of the
front vehicle. Radar produces strong reflectiormmfrbridges, trees, posts and other
normal road side items. It can also suffer losssighal return, due to multi-path
reflections. Under ideal weather conditions tharidystem seems to be the best, but it

becomes very unreliable when the weather changes.

The Doppler radar can measure a relative motienrdnge of speeds that can be
measures are 0.8 to 480 km/h. This type of senserausmall DC power (10.5-16.5
VDC, 24W).

Figure 2.9 Doppler radar speed sensor

Sources: (CRANKSHAFT, 2009)
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The output of this sensor is a pulse with freqyepmportional to measured
speed. The sensor can integrate with electromdraiounit (ECU). A Doppler radar
system is described that uses a monopulse anteheae to track multiple targets and
generate range, range rate and azimuth angle odgtatfor each target. The system
requires less than 2 MHz of bandwidth and can begigded to operate at any
microwave or millimetre-wave frequency. The trartsad power is less than 2 mill
watts and the system can track targets to rangexdass of 125 meters. The radar
system uses frequency modulated continuous waveC{#Mradar transmission with
frequency shift keying (FSK) for range measuremetds minimize bandwidth
requirements. The Doppler radar system employgatliigignal processing (DSP) and
Fast Fourier Transforms (FFT) to identify, sepaiatd track individual targets in the
frequency domain. (CRANKSHAFT, 2009)

2.5 V2V CONCEPT FROM MANUFACTURES

2.5.1 General Motors

GM's V2V system consists of a roof-mounted transigp, antenna, and
communications chip. This allows a vehicle to 'lblcsst its location and monitor the
positions of hundreds of other cars with the saapability 10 times every second. In
one demonstration, a Cadillac CTS was driven amph directly into the path of a
parked Cadillac CTS without touching the brakesthesapproaching CTS drew closer
to the parked car, a green vehicle icon on a dasimted monitor used to indicate the
CTS' speed and the distance between vehicles tarpsllow. At about 30 yards out,
the icon turns red and the parked vehicles turnadsgand brake lights flash in a rapid
warning sequence. A second later, the brakes seizieol of the moving CTS and pull

it to a stop 15 ft. short of the parked car.

V2V systems could overcome blind spots such asnwhen or passing. If a
driver engages a turn signal, and there is a weliichis or her blind spot, the system
sends a vibration through the driver's seat. The ¥gstem will determine whether or
not to apply the brakes using algorithms that dateuthe moving car's speed and it's
time to impact. The same algorithm can triggertdikights to flash to prevent chain-
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reaction rear-end collisions. In addition, GM's V2&hnology can warn the driver
when vehicles ahead, regardless of lane, are sdiopp&avelling much slower or any
vehicle ahead brakes hard, allowing the driver rek® or change lanes as needed. It
also can use rear lights to warn the other drivi@emthe approaching vehicle is moving
very quickly and a rear-end collision is imminehising vehicle-to-vehicle (V2V)
communication, a vehicle can detect the positicsh maevement of other vehicles up to
a quarter of a mile away. Vehicles will be equippéth a simple antenna, a computer
chip, and GPS (Global Positioning System) techngltigey will know where the other
vehicles are by communicating directly with themg ather vehicles will know where
they are in blind spots, stopped on the highwayHidden from view around a blind
corner or blocked by other vehicles. The vehiclas anticipate and react to changing
driving situations and then instantly warn the drs/with chimes, visual icons and seat
vibrations. If the driver does not respond to therts, the car can bring itself to a safe

stop, avoiding a collision.

The system would replace the long-range scanrneémgas for adaptive cruise
control, forward vision sensors for object detattionid-range blind spot detection
sensors, and long-range lane change assist se@drbas the ability to replace all of
these sensors with one advisory sensor that vallige all-around, instantaneous traffic
intelligence. This promises a better and signifitaless costly way of sensing other

vehicles around your car while driving.

During a demonstration attended by acarplace imcM&007, GM showed
scenarios in which V2V technology can assist davélsing V2V communication, the
vehicle alerts the driver to vehicles in blind spaiith a steady amber light in the side
mirror. If the turn signal is activated, a flashiagber light and gentle seat vibration on
the side notifies the driver of a potentially damge situation. The vibration was
enough to get our attention but not a sudden ditstra- it was much more subtle than

our pager.

Pile-ups on congested roads during rush hour due ¢hain reaction rear-end
collisions could be lessened. Using V2V, the vehiglonitors messages from other
vehicles up to a quarter of a mile ahead. TheitgaNehicle warns the driver first with
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visual icons and seat vibrations on the front amehtautomatically brakes if there is

danger of a read-end collision with the vehicleaghg€By Bill Siuru, 2008)

2.5.2 BMW Future Safety Systems

BMW innovations concerning accident preventiontzased on detailed analysis
of accident causes and chronology. It is against ilackground that it develops and
tests specifically tailored solutions and systels aim is to help drivers handle their
driving responsibilities, to inform and/or warn himnd thus avoid accidents through

preventive technology or at least mitigate the egagnces.

Technology was designed to provide people witlctions that compensate for
physiological limitations. However, the decisionste with the driver. Current
developments by BMW Group Research and Technologyira the field of driver
assistance systems. These systems improve driveipation, making use of both
autonomous on-board systems and inter-vehicle canoation. BMW Group Research
and Technology also carries out research into alneanet Protocol-based networking
technology for on-board electronics systems. Thisute on-board electronics” project
is based on the vision that all vehicle applicai@hould be able to communicate
intelligently and on an equal basis with each otmat with their environment. In this
way, vehicles will become an integral part of thegitdl telecommunications
infrastructure (By Bill Siuru, 2008).



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

This chapter explains and describes the methodalbgly used in this study.
This chapter also will describe about the compatiliechnology for V2V
communication system. Generally, the V2V systefmmsukl have a forward radar
sensor, communication system and a GPS systemer&km the function of forward
radar sensor is to measure a distance or veloettyden the vehicle and another vehicle
up ahead of it, also to detect any obstructiorhagnroadway. This information can be
use to automatically adjust the speed of the velanod informs the driver via a visual or
audio signal or alarm of the potential occurrenta trontal collision condition. Itis a
good idea to have a communication system, such iesdess local area network
(WLAN), to communicate the location of other vebkiend to form an ad-hoc network
among vehicle. The ad-hoc network can be use iadwasting accident warning if there
any occurrences of an accident, an intersectiam taleeduce the danger at intersection,
overtaking and lane change assistance. There aeti@a of uses for GPS technology
today, from basic positioning application that nmigirovide a traveller with their
current location, speed and direction to theiridasibn, to highly complex applications
where the user’s position information is feeds iat®ystem that provides location-
specific features and services tailored for that.us
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The acquired information is gathered and beingsgme under chapter 2:
literature review. The information about the netkvaccess, systems and sensor can be
found through the book, but the information that get from the internet much more
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large and spacious. There are various researchast albe current technology on
vehicle-to-vehicle (V2V) communication that can feeind from the journal in the

internet.

The first task is to identify the network accekattwould be implementing in
communication on vehicle. The task is to find gatle network access to use on V2V
communication and the possibility to apply it in lslgsia. The focuses in this stage will
be finding the essential wireless communicatiomnéque, such as, WAVE and DSRC.
Identify the device needed to develop the systelan Bhe step to implement the

function in development progress.

The analysis phase required the knowledge on pignphase to be structured
and discuss. Therefore, a detail research fohalptoblems is important to be
understood. At this stage, some important thingstrba highlighted to continue the
phases until it well structured. The research efutlireless communication technique is
important to find the latest and suitable technjdhis determination require a lot of

research based on other researches that impleheeteéahnique on V2V.

The next phase is design phase. The primary abgeot the design phase is to
create a design that satisfies the agreed applicatiquirements. The central idea of the
V2V solution is to enable vehicles within each othgroximity to be aware of their
own location and then estimate their position widspect to other vehicles. The
location awareness problem constitutes of threepsoblems Determining either the
exact location using a GPS receiver (at discretervals), applying corrections to the
measured location using continuous-time active @snand sharing this information

with other vehicles.

The above mentioned aspects are used by the Vawmefwork to enable a
vehicle to estimate collision course with anothehiele. The process of collision course
detection involves several periodic iterations aformation transfer through the
wireless network. The choice of iteration periodrigical in determining the efficiency,
reliability and scalability of the V2V system. Thene interval should be small enough
to reduce the possibility of an accident occurmvigle the protocol is in the process of
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finding a collision course; and large enough sa the location information sent by one
vehicle to another is meaningful. The challengetasdevelop a location aware

mechanism that does not require complex signalgsing or synchronization.

3.3 FORWARD RADAR SENSOR

One solution to avoiding accidents can be obtabmedn adaptive cruise control
(ACC) system that integrates radar sensor witlcthiese control. The ACC system will
be explains in detail on the next chapter. Theee taro types of radar that will be
discussed, which is Laser radar and Doppler ralagse two radars are compared sto

choose the most suitable radar sensor.

3.3.1 Laser Radar

Laser radar uses a laser to generate a light pulseries of pulse in the upper
infrared (IR) band and has extremely narrow beantmparison to microwave-based
radar. Although laser radar can measure speedamge rit requires an exact aim and
cannot be use within patrol vehicle from behindsgldn addition, laser radar detection
capability is considerably decreased by fog, rdust, smoke, and humidity. Due to
these limitations laser radar is not reliable efotagbe use with ACC system (Harris,
2006).

3.3.2 Doppler Radar

A Doppler radaris radar that makes use of thepBwp Effectto produce
velocity data about objects at a distance. It dbes by beaming a microwave signal
towards a desired target and listening for itseatibn, then analyzing how the
frequency of the returned signal has been alteyetthd object's motion. This variation
gives direct and highly accurate measurements @fatiial component of a target's
velocity relative to the radar. Doppler Effect wédhows in the study of sound.

Doppler’s effect can be described by the formula:
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FE,, = 2VF, cos% 3.1]

Where,

Fm = frequency of the received signal

V = speed of the vehicle

Fe = the frequency of the transmitted signal

a = the angle between the transmitted signal andp#tb along which the vehicles
travels

C = propagation speed of the signal in the air.

From the formula above we can deduce the spedteafar.

Direction of the vehicle

; X

v ’ Fm Doppler sensor radar

Figure 3.1: Doppler radar sensor

The sensitivity of the radar increases as the abgteeen the beams and the
path of the vehiclea) decrease. Doppler radar works perfectly well myira rain or
mist. In general, when it rains it comes down waity which is right angles to the
Doppler radar beam, bringing about a Doppler eff#czero (Cos 90=0 so Fm=0).
Heavy rain that comes down at the angles due ¢ogtgust of wind cannot asset to the
signal to noise ratio of the receiver and prevéstgorrect operation. In this case they
processor will simply rejected the measurementsceSmist does not move, it will be
practically invisible to the receiver and the measwents are completely unaffected.
The distance from which this radar can measurespleed of a vehicle depends on two
factors, the power of SHF oscillators and the d$emityi of the detector. Oscillator’s
powers are generally low and the use of a direatiaerial increases the transmitted
power. The biggest problem of the detector is aaitp noise ratio. In this section, the
sensitivity can be improved using an aerial. Whils¢ older Radars could only take
measurements up to 20 meters, the newer modelghathltras sensitive detectors are
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capable of taking a measurement up to several bdndeters. Sometimes the Doppler
radar equipment contains the DSP, which uses dpagarithms with the very short
time, making extremely fast readings possible. Beeaall of it characteristic, Doppler
radar sensor is more reliable and more suitable tase with cruise control.

3.4 COMMUNICATION SYSTEM

There are several technologies can be considered tsed as a communication
system for V2V communication system. The most efritare Bluetooth, UWB, DSRC
and WAVE.

3.4.1 Bluetooth

Bluetooth is a wireless technology for short-rarm@nmunication with low
power usage. It can built an ad-hoc network accodates up to seven users. However,
Bluetooth is only reliable up to a speed of 80 kmufd range of 80 m. It can take up to
3 seconds to establish the communication. In amdisince Bluetooth requires a master
and slave setup, the master could potentially eefascommunication request. In
addition, the master may already be communicatiitg another slave, which would
lower the possible communication rate. This conditis not suitable for V2V
communication that requires instantaneous dataagxghbetween high-speed vehicles
(Harris, 2006).

3.4.2 Ultra-Wideband

UWB technology is loosely defined as any wirelassdgmission scheme that
occupies a bandwidth of more than 25% of a cemé&guiency, or more than 1.5GHz.
The main advantages of UWB technology are its digta rate, low cost, and immunity
to interference. However, UWB could possibly ineeef with other existing radio
services, for instance, the Global Positioning &ys{GPS). The fact that UWB could
potentially interfere with existing radio servicesa technical problem that must be

solve before it could be use in V2V systems.
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3.4.3 Dedicated Short Range Communication

DSRC is a multi-channel wireless standard thdiased on the IEEE 802.11a
PHY and the IEEE 802.11 MAC. DSRC is designed terae within a frequency band
(5.9 GHz) licensed solely for the purposes of velaiccommunications, and is being
optimized for operation within high-speed vehicwdarvironments. The disadvantage of
DSRC is, to exchanging a messages or informatiorehacle need to join a Basic
Service Set (BSS). The BSS is a term used to desthnie collection of stations that
may communicate together within an 802.11 WLAN. §hthese make DSRC not
reliable for real time communication. Real time coumication means a message or

packets must be successfully delivered beforetaioedeadline.

3.4.4 \Wireless Access for Vehicular Environments

The last option left is WAVE technology. WAVE ihe next generation
dedicated short-range communications (DSRC) tedgyplwhich provides high-speed
V2V data transmission. WAVE systems will build uptire IEEE 802.11p standard.
The IEEE802.11p standard is meant to describeuhetibns and services required by
WAVE-conformant stations to operate in a rapidlyywag environment and exchange
messages without having to join a Basic Service @&8$S). Vehicular safety
communications use cases demand instantaneous)ddtange capabilities and cannot
afford scanning channels. Therefore, it is essefaralEEE 802.11p radios to be, by
default in the same channel and configured with Hane Basic Service Set
Identification (BSSID) to enable safety communicati A station in WAVE mode is
allowed to transmit and receive data frames withwildcard BSSID value and without

the need to belong to a BSS of any kind.

3.5 GPSSYSTEM

A GPS system can be used in determine the veluciion, by combining GPS
system with communication system, the coordinatefe vehicle can be transmitting
to other vehicle indicating the exact position b€ tvehicle. With the information
obtained, an early precaution can be made by ilierdo prevent unwanted clash.
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3.6 CONCLUSION

For the conclusion, a V2V communication should havBoppler sensor as a
device sensor that can integrates with cruise obmdr form adaptive cruise control.
Other than that, it also need WAVE as a reliablenmmnication system between
vehicles. The GPS system is needs to determind Baation of car that can be use in

roadways environment such as overtaking situation.



CHAPTER 4

CONCEPT DESIGN AND ANALYSIS

4.1 INTRODUCTION

The central idea of the V2V solution is to enabdhicles within each other’s
proximity to be aware of their own location andrthestimate their position with respect
to other vehicles. The location awareness problenstitutes of three sub-problems:
Determining the exact location using a GPS receatediscrete intervals, applying
corrections to the measured location using contisttone active sensors and sharing

this information with other vehicles.

The above mentioned aspects are used by the Vawmefwork to enable a
vehicle to estimate collision course with anothehicle. The process of collision course
detection involves several periodic iterations aformation transfer through the
wireless network. The choice of iteration periodrigical in determining the efficiency,
reliability and scalability of the V2V system. Thene interval should be small enough
to reduce the possibility of an accident occurnvigle the protocol is in the process of
finding a collision course; and large enough sa the location information sent by one
vehicle to another is meaningful. The challengetasdevelop a location aware
mechanism that does not require complex signalgsging or synchronization. The
V2V system also must include an adaptive cruisdrobsystem that will use a sensor
to detect front vehicle speed and distance. Withulue of speed gained the system

should adjust the vehicle’s velocity dependinglmdistance from the front vehicle.
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4.2 PROPOSED SYSTEM CONCEPT OF V2V COMMUNICATION
SYSTEM

The picture below shows the concept of the car thauip with V2V

communication system.

Speed Sensor

Gps sensor

Figure 4.1: Concept car

The car should have a speed sensor, which is Dopgd@r to scan for other vehicles
and objects to assist the driver in preventinglastan. The car also consists a Car PC
unit or On-board Unit (OBU) that will control WAVEystem to communicate with
other vehicles. The OBU will be integrating with &Bensor/ receiver, using GPS the
car will compute their personal user location. WAMHI enable transmission and
reception of Information Packets. These packetsagoisuch as geographic location of

the vehicle, collision zone radius, velocity, depment and direction.
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4.3 RADAR SYSTEM AND ADAPTIVE CRUISE CONTROL (ACC)

An ACC System can be seen as an extension of tedayiise Control System.

The extended system will not only keep a fixed dpéet it will also adapt the speed of
the vehicle to that of slower vehicles ahead. Pasmits the system to be used also in
dense traffic. The sensor will do a measurementeadcles in front of the host car;
decide if vehicles ahead are in the same laneeaédhkt car, determine their velocity
and distance. Then deliver the information to EEQU will process the information
and control the throttle valve opening regardingthlue of speed obtained. The sensor
shall mount in the front of the car with a clealdi of view over the area that should be

scan.

4.3.1 Monopulse Radar System

The monopulse radar system techniques employedi@nneéw vehicle radar
system add a new dimension to the radar performdrn monopulse system uses the
same Doppler FMCW (FSK) modulation methods, butuides two antennas and two
receivers for signal comparison to determine thienath angle to the targets. This
system measures range, closing rate and azimuth amtgpendently and instantly for

any number of simultaneous targets

Knowledge of target azimuth angles allows the c&ir zone to be better
shaped to highway geometries and can be combingdsigering information to track
targets around typical interstate highway turnse Tonopulse radar system computes
azimuth angle data for each target over a totanatti range of 12 degrees. This
azimuth capability permits the radar system tokirergets around typical interstate
radius curves, to minimize false alarms by skevitregdetection zone when in turn, and

to shape the detection zone as a function of rembetter fit the traffic lane.
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Figure 4.2: Monopulse radar system block diagram

Source: (Woll, 2002)

The monopulse system has two separate antenndiedaheand B in the block diagram
and two separate receivers for the radar Dopptgrats coming from the sum of the
two antennas and from the difference of the tweemamas. The azimuth angle to each
target is computed from the ratio of the signatrsgith on the sum channel to the signal
strength on the difference channel. Target datimked together for each target by the

unique Doppler frequency associated with that targe

The wider beam width of the mlonopulse antennaesysresults in lower
antenna gain by about 5 dsi so more power museligeded to the antenna to achieve
the same field strength density as the narrow belth, fixed beam radar system. The
lower antenna gain of the antenna also reducesighal strength of the received signal.
Field and laboratory testing has demonstrateddhfiicient signal to noise figures can
be easily achieved for successful operation of rpalse systems in vehicle
applications. It can be seen from the block diagthat there are now four Doppler
frequency data channels to process for the monepyistem, namelyds and fps from

the sum channeldpand £pp from the difference channel. The DSP generates alat
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the frequency, phase and signal strength for ed¢heoDoppler channel frequencies.
Vehicle target measurements are calculated asasilo

Closing Rate: The closing rate is calculated frtwm frequency value of any one of the
four Doppler channel frequenciesdd, f2ps, fiop, f2op). The frequency divided by 45 Hz
will give closing rate in km/h.

Range: The range is calculated by measuring theeptidference either betweerpd
and bps or betweenibp and bpp.

Azimuth Angle: The azimuth angle to the targetascualated by comparing the signal
strength values either betweepdand fps or betweenibp and fpp.

The monopulse radar system measures azimuth amagge fdr each target with an
accuracy of £ 0.1 degrees from 6 degrees leftdediees right of straight ahead, a total
azimuth range of 12 degrees. This azimuth capglmbtrmits the radar system to track
targets around typical interstate radius curvesnittimize false alarms by skewing the
detection zone when in turn, and to shape the tietezone as a function of range to
better fit the traffic lane. The monopulse Doppkatar system offers several advantages
over switched beam systems or mechanically scaangshna systems. The monopulse
system provides continuous azimuth angle data foltiple targets without the data
processing interruptions normally encountered duriantenna beam switching.
Mechanically scanned systems provide target dala when the antenna is aim at a
target and then must wait for the scanning to retarthe target for data refreshing. The
monopulse antenna, however, has lower gain, aneftre should have more power
delivered to the antenna port. The FMCW (FSK) Deppadar system provides great
radar efficiency with respect to frequency bandwidind output power. The
simultaneous and independently calculated rangeramgk rate of these systems offer
excellent target tracking algorithm possibiliti@a/oll, 2002)

4.3.2 Embedded Computational Units (ECU)

The cruise control ECU microprocessor takes inpunhfsensors to find out the
vehicle-operating vehicle. It then sends out tigaal the throttle actuator to regulate the
throttle valve position to maintain the requirecesp. The cruise control adjusts the
throttle proportional to the error. The errors e difference between the desired speed
and the actual speed. The closer the car gets éodésired speed the slower it
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accelerates. Most cruise control system use a alostheme called proportional-
integral-derivative control (PID). Mathematicalljndwn that the integral of speed is
distance and the derivative of speed is acceleralibe PID control system uses these
three factors proportional, integral and derivagiv€alculating each individually and
adding them to get the throttle position. The ind¢actor is based on the time integral
of the vehicle speed error. The derivatives factbe derivatives of speed is
acceleration. If the car slows down, the cruisetrmbncan see the acceleration is
decreasing. Before the speed can actually changh,the system respond by adjusting

the throttle opening.
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Figure 4.3: Block diagram of cruise control ECU

Source: (2009) (Nice, 2001)

4.3.3 Speed Control

Actuator connected to the throttle valve and adninrottle butterfly position.
Throttle valve controls the power and speed ofethgine by limiting how much air the
engines take in. Many cars use actuators poweraesh@ye vacuum to open and close
the throttle. These systems use a small, elecatyricontrolled valve to regulate the
vacuum in a diaphragm. The ECU's speed controlaprocessor operates the vacuum
pump, which in turn moves the throttle valve aauatiaphragm until require speed is
maintained without the use of the accelerator psdathat the driver can remove his
foot from the pedal. The microprocessor continupusbnitors the vehicle speed signal



49

and constantly changes the throttle position takémgount of variations in road

gradients, wind resistance and thereby maintaiessgieed the speed of the vehicle to
that of slower than vehicles ahead. To increasedspide pump operated for a short
time to increase the vacuum, and to reduce speeddhtrol valve is pulsed open to

reduce the vacuum slightly. To overtake anotheickehthe accelerator pedal pressed
in the normal way to increase speed. When the pezlahsed the cruise control

automatically takes over, and the system returrisd@daptive cruise control. Once the
brake pedal is pressed,-the microprocessor detieetslosure of the stop lamp switch
and immediately opens the pressure release valvapidly decrease the vacuum to
disengage the system. As a safety measure, the peddal uses an additional pair of
switch contacts, which open to disconnect the pasgupply from the solenoid valves,

allowing them to open. This action also carried @utmanual transmission vehicles by
using a switch on the clutch pedal. When the craystem is deactivated by pressing
the pedal or the clutch pedal the driver can contew speed to the desire speed.
Because the brake forces being applied of couesedh speed will be slower than the

vehicle in front of that car. (Nice, 2001)

4.4  APPLICATIONS OF WAVE SYSTEM

Applications with early deadlines are expected ®quire direct V2V
communications, and the only standard currentlypsetjng this is the IEEE 802.11p,
included in the wireless access in vehicular emvitent (WAVE). With the WAVE
communication system, a new system that can askiser in several driving
environments can be constructed. Two nearby vehigberiodically exchange
information about their own movement in terms oca&xposition and local clock time
seem like a convenient way in preventing collusiodsing these inputs, vehicles
determine whether or not they are on a collisionrse with each another. The
combination of WAVE and GPS is a good idea to foxgneollision avoidance system.
The GPS system determines the location of vehamesthe WAVE system forming an

ad- hoc peer-to-peer networking among the vehicles.
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4.4.1 Lane Changing Awareness

One important way of V2V to increase the drivirgjesy focuses on the data
exchange among vehicles. The exchange of apprepata with desired vehicles is
helpful to assist a driver realizing a situationpoeventing possible accident. Consider
the situation on the picture below sometimes actidan happen when cars try to

change their lane.
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Figure 4.4: Lane Changing situation

Source: (WeidongXiang, december 2009)

The accident may happen if car B did not notice tha A is changing lane. If car A can

send appropriate packets of data to the car Bah datident can be avoided. The data
sent should give information to car B about carfgk,example the position, the speed
and the distance of car A. It also should sendta that saying car A is changing a
lane. With enough data the OBU’s system on carmBgiae a warning to the driver so

the driver can takes an appropriate action to asoi@ccident. To add more safety; the
system should work in two way connection. Car 8atan sent a message to car A,
giving the information to car A about their locatjcspeed and distance. By this way
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car A will know that car B is approaching from th&ck. A system will give warning to
car A whether it is safe to change lane or not. @&whange of data is better than just a
simple light signal, because sometime driver ditimagice the light signal. If a system
that give warning to the driver using voice messagening display or alarm is used it

will be more convenient to the driver.

4.4.2 Vehicles Overtaking Assistant

In an ideal world, overtaking accidents could beventing by making a better
road design. Safety of the roads can be improveaking the road spacious enough, if
all roads in Malaysia designed like a highway wtithee lanes road, so there will no
need driver to overtake other car. These seemaligeod idea but to redesign all the
roads in Malaysia it will be much expensive. Exaiag data in vehicular environment

will be a good solution for this problem

At

GPS sensor + WAVE E@j GPS sensor + WAVE @D

CarB

Car A

Figure 4.5: Overtaking situation

From the picture above, consider car A is tryiagvertake car B but they did
not notice car C. An accident would occur if there weoewarnings to car A about car
C. By using WAVE technology integrated with GPS s we can create an ad hoc
network that exchange data between the vehiclegnvgar A’s driver want to overtake
car B, the driver should send a signal to car B thed car B determine the location of

car C by exchanging data between them. After taatB sends the information to car
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A. Car A use the information to determine whethesafe to overtake car B or not. If
not an alert message will be display on the OBLliBpldy unit and a warning alarm will

be trigger to alert the driver. To send the sigtied, driver of car A just need to activate
the turn signal and then it will trigger Onboarditff©BU) to send a data signal to car
B using WAVE system.

4.4.3 Accident Warning

Vehicles that are involved in an accident are thest reliable source of
information about the very fact that there is agident. If vehicles involved in an
accident are equipped with short-range communicasiod a crash sensor, they can
send out a warning message to the following traffiavoid mass collisions.There are
several types of sensor that been used nowadays.sdnsor can be located in front of
the vehicles. A several number of the sensor shbelput in the crush zones effect so
they will react almost instantly to the sudden deegion that results from a frontal
impact. The types of the crash sensor are:

Magnetic bias sensor

This sensor uses a sensing mass (a metal ball¥ihalg at the rear of a small
cylinder by a powerful bias magnet. During normatidg, the electrical contacts are
open-circuit. When a collision takes place, thatiakforce on the ball overcomes the
magnetic bias force causing it to roll forward aothe cylinder and to strike the
electrical contacts thereby completing the deteatiocuit.
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Figure 4.6: Picture (A) shows the sensor in the normal conalitieicture (B) shows the

condition of the sensor when impact occurs.

Source (CRANKSHAFT, 2009)

Rolamite sensor

The Rolamite sensor uses a roll-spring, which igpped around a small roller
and mounted to an electrical contact pad. Thesqling is pre-tensioned so that during
normal driving the roller is held firmly againstbackstop and the detector contacts are
open-circuit. When a collision occurs, the inertiatce on the roller overcomes the
pretensions on the roll-spring, due to which itvéla forwards until the electrical
contacts meet, completing he detection circuit. Tdtal system is housed in airtight
metal enclosures that are filled with inert gagptevent corrosion and to ensure the
mechanical and electrical functions of the crashsges. Each sensor is wired as a
normally open switch, but with a resistor conneategarallel with the contacts. The
resistor permits the diagnostic module ECU to cwily monitor the circuit's

continuity for connector and wiring defects.
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Figure 4.7: A rolamite sensor

Source: (CRANKSHAFT, 2009)

The crash sensor triggers a switch and sendsnaldig on board unit (OBU).
The OBU process the signal and send it to Wi-Fidnaitter. To protect the OBU from
damage, the device will be placed on the dashboli@mally when accidents occurs
the area around the dashboard and driver seatneé@dfected too much, so there are a
probability that the OBU will not suffered any dagea The OBU unit would send and
emergency message to other car through WAVE wheldlet happened. To maintain
the freshness of the data the messages shouldndeatdeast every five second. The
OBU should have a microprocessor to process thmakith order to extend the reach of
the message, a repeat mechanism can carry the gaedssther in the direction that is

concerned.
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Source: (Holfelder, 2004)

4.4.4 Approaching Emergency Vehicle Warning

Approaching emergency vehicles send out a warniagsage to warn vehicles
that are in its vicinity. Receiving vehicles cari@natically mute the radio or the hands
free-phone and give an audible or visual warningsage to the driver. The driver can
take an action by giving a way to the emergencyckeh

4.5 ON BOARD UNIT

Every vehicle is equipped with an OBU or Car PQ theting as V2V system
control panel. Its function is to determine packetdata that will be send and also
extract information from the data received and tBrecute an appropriate action such
as a warning signal. Every vehicle has a wirelessismitter/receiver pair for
communication with vehicles in the communicationstér and the transmitter will be
integrated with the OBU. A GPS receiver also wi#l tonnected to OBU; with right
software a suitable framework can be developede QBU must contain a touch screen
VGA monitor for the easy access. This monitor wit as a platform that will show a
warning messages or direction guidance as well agnd other infotainment

possibilities.
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46 GPS

GPS receiver is used to obtain the longitudetuidé and altitude values of a
vehicle. The Global Positioning System (GPS) isialty a constellation of 27 Earth
orbiting satellites. Each of these solar-powerettlis@s circles the globe at about
19,300 km, making two complete rotations every @dgrris, 2006). The orbits are
arranged so that at anytime, anywhere on Earthe the at least four satellites "visible"
in the sky. A GPS receiver's job is to locate foumore of these satellites, figure out
the distance to each, and use this informationetude its own location. A standard
GPS receiver will not only place a vehicle on a mapny particular location, but will
also trace the vehicle path across a map as it ntiotvee receiver is leave on, it can stay
in constant communication with GPS satellites te kew the location is changing.
Since the GPS receiver takes a measurement ofdoaanly at discrete intervals, and
continuous vehicle information is required, onbosedsors for computing the position
of the vehicle between two successive GPS readsgeeded. Sensors that aid this
measurement are referred to as Dead-Reckoningrsei$w®y include an accelerometer
with tilt sensors to measure forces resulting ftamming, acceleration or breaking and a
rate gyroscope to measure instantaneous changshicley direction. These sensors can
accurately measure changes in vehicle's positich si3 displacement and direction.
Hence dead-reckoning sensors enable continuitgaaftion. By integrating this system

with WAVE, the information can be share among vighibrough wireless network.

4.7 IMPLEMENTATION POSSIBILITIES OF V2V COMMUNICATI ON
SYSTEM IN MALAYSIA

Through this research the implementation of V2¥homnication system, seem
to be possible because most of the system altegatice applied on vehicles without
taking geological aspects and road conditions adoount. The general nature of the
system is universal. However, specifications of slgstem are still needed in order to
suit its usage in Malaysia. The ACC system cannigglamented in Malaysia without
any problem because there are plenty of these msgstavailable globally. Cars
manufacture such as Mitsubishi, Chrysler, Toyota iercedes has already developed
these systems in a way to improve their car safatyne of the vehicles equip with the

system may already available in Malaysian road. U$eges of Doppler signal in this
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system also a good choice because it is suitalifethwe weather condition in Malaysia.
Doppler signal works perfectly well during a raim mist, which is the common

condition in Malaysia. For the WAVE system, the EEB02.11p amendment is still
new. This new wireless standard maybe not availabldalaysia yet. A research about
the compatibility of this new wireless standard hadbe done before it can be
implements in Malaysia because this wireless sigmght cause interruption with the
radio wave that already exists here. Despite a#f thcts, the possibilities of

implementation WAVE system are still higher. Resadrom other country shows that
IEEE 802.11p can perform well without disturbs atiyers radio wave. Other than that,
a GPS system is already in use in most of the nmodar in this country. Therefore,

there is no problem to use GPS in determining lowigi, latitude and altitude values of
a vehicle in this country region. However, the GhSSitioning technique that being
used here is just an autonomous GPS positionifgnigge which not really accurate
compare to the other techniques. Inaccurate infoomabout the position may lead to
fatal error that may cause accidents to happers problem can be solve by using
differential GPS positioning but this technique uieg an infrastructures known as

master site.

4.8 LIMITATIONS OF V2V COMMUNICATION SYSTEM

Despite the possibilities stated above, there tlidimiitations that need to be
considers. One of them is the cost, a larger c@stequire in developing this system.
To overcome this problem, only a new manufacturad should be equips with the
system. The cost of installation of the system lmameduces with a massive production
of the new car that integrated with this systeme Blder vehicle also can install this
system but that would be costly. Thousands of waofs will need to install WAVE
devices to existing billions of vehicles. Standaadion is also necessary so that vehicles
from different car manufacturers can communicatéh veach other. Moreover, the
accuracy of GPS is not very convincing. The us&B& system with the aided of Dead
Reckoning sensors also have disadvantages. A distatye of Dead Reckoning is that
since new positions are calculates solely from iprtess positions, the errors of the
process are cumulative, and so the error in théigogix grows with time. Server-
assisted GPS is a positioning technique that camdeeto achieve highly accurate
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positioning but this technique requires a specifilastructure that includes a location
server, a reference receiver in the mobile unit antivo-way communication link

between the two.

49 SUMMARY

The number of vehicles has increased significanthgcent years, which causes
high density in traffic and further problems likecalents and road congestions. A
solution regarding to this problem is V2V communtiga, which vehicles are able to
communicate with their neighbouring vehicles everthie absence of a central base
station to provide a safer and more efficient roauld to increase passenger safety. This
technology can be implemented in Malaysia but oleoto do it some changing had to
be made first to ensure the effectiveness of ttleni@ogy. The system described in this

chapter is suitable with Malaysian’s road condition



CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION

The conclusions of this project are V2V communmatiechnologies can greatly
enhance the infotainment, safety, comfort, commatioa and convenience value of
new vehicles. The design of communication pro®aolV2V is extremely challenging
because it needs a high-speed V2V data transmigsiomorking with fast moving
vehicle. The V2V communication has offered many nepportunities for the
automotive industry. Several possible communicati@thnologies can be use in V2V
communication, the technologies are Bluetooth, UMMBBRC and WAVE.Wireless
LAN technology specifically IEEE802.11p or also ks as WAVE is currently the
clear winner in the communication technology. Theaee many organizations
competing in the course of WAVE study. From thisea&rch, WAVE system is reliable
systems that support a real time communication.ingJ$VAVE, two vehicles can
immediately communicate with each other upon enmuwithout any additional
overhead as long as they operate in the same dhasmg the wildcard BSSID.
Different from other communications technologieatthas high latency in establish a
connection. However, despite the using of WAVE eystthe proposed V2V concept in
this report still have the limitations as told im&pter 4. This V2V technology can be
implements in Malaysia but in order to do it sonmarmging had to be made first to

ensure the effectiveness of the technology.
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5.2 RECOMMENDATIONS

For the further research, a simulation of V2V systeas to be made to get more
information about how the system works. With thdphef the simulation, the
compatibility of V2V system on the roadmap in Mamycan be clarified. Since this
report is just about theoretical, an experimentuhde conducts to determine the
accurate information about the system. On-road raxeat is a good choice in
investigating the real performance of V2V systenMialaysia. Generally, the nature of
this system is suitable for every place or everyntry but there still a chance that this
system can be interfere by any existing radio wawereover IEEE802.11p is still a
new Wi-Fi standard so there are much more things should be learn about this
standard. Research about the communication of kelicinfrastructure also a good
idea in improving the effectiveness of vehicles ommication. An infrastructure can
act as beacon sharing information to vehicle orewiie communication range between
vehicle. Also, provide maps that can be use witts & vehicle for a certain location.
The infrastructures also can act as server thamiperthe vehicles with V2V

communication system to access the internet.
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APPENDIX

GANTT CHART FOR PSM 1

Activities/Week

Received Title

Project Objective

Project Scope

Problem Statement

Literature Review

Methodology Research

Report Writing
(chapte 1,2,3)

Report Submission

PSM Presentation
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GANTT CHART FOR PSM 2

Activities/Week

Literature study

Understanding

Data collection

Result & Analysis

Conclusion

Final Presentation

Report Preparation




