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ITSDSRC/OPTIMIZATION/BEAMWIDTH/SMART ANTENNA

Recently, Intelligent Transport System (ITS) gains a lot of attention from
many researchers because the transportation has a huge impact on daily life. In order
to provide such a successful ITS, dedicated short range communication (DSRC)
becomes a necessary technology to fulfill the requirements. Traditional ITS systems
use an antenna having omni-directional radiation pattern for the message
dissemination in ITS services. An antenna having omni-directional pattern broadcasts
signals for all directions. Then, the signal power reduces in undesired directions.
Consequently, antenna gain and a coverage range between vehicles decreases.
Moreover, the chances of interference effect increases at the receiving side. Then, the
researchers propose an antenna having directional pattern for the solution. The
antenna gain is increased by disseminating signal power to desired directions. Also,
the performance of communication link increases. However, hidden node problems
and improper for some applications are the limitations of an antenna having
directional pattern. Also, smart antenna system introduces a signa quality
improvement at the receiving vehicle by steering main beam to desired directions.
Also, interference effect decreases. As a result, the signal quality at the receiving end
has been improved. However, equality HPBW of each beam is the limitation of

conventional switched-beam smart antenna system. Moreover, a narrow half power



beamwidth introduces high antenna gain and long coverage range. In contrast, low
coverage area increases a chance of connection loss. Also, the half power beamwidth
of the antenna is improper for the road structure and vehicles position. Focusing on
antenna half power beamwidth, half power beamwidth separates in two planes:
azimuth and elevation planes. Focusing on the variation in azimuth plane, the distance
between vehicles in an urban and suburban is short. Then, the vehicle is assumed for
the same plane. Also, the variation of system performance in the azimuth plane is
more effective than elevation plane. Moreover, an improper half power beamwidth
with the road environment and vehicle position promote an encouragement for the
optimum beamwidth determination of V2V in ITS communication system. Also, this
dissertation proposes the optimum beamwidth determination for switched-beam
system in V2V ITS by using SQP optimization algorithm. Finally, the signal quality
a the receiving side and the communication link reliability are improved by the

optimum antenna half power beamwidth.
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CHAPTER

INTRODUCTION

1.1 Background of problems

After the February 2014 decision of the US Department of Transportation
(DoT) to mandate Dedicated Short Range Communications (DSRC) radios in all
vehicles, DSRC is now considered to be a maor component of intelligent
transportation systems (ITS). In fact, reducing the accidents on the road and
improving the traffic safety without new road construction are the major purposes of
ITS'DSRC. Traditional transportation system is improved by the DSRC
communication. DSRC communication provides a fast data transmission in a short
period. A short period of ITSIDSRC message transmission improves a safety to
drivers due to afast warning message before they enter an accident area. Thus, a fast
data dissemination is important for ITS'DSRC communication. The communication
procedure of DSRC communication is separated into two main categories: Vehicle to
Infrastructure (V2I) communication and Vehicle to Vehicle (V2V) communication.
Focusing on V2V communication, V2V equips with On Board Unit (OBU) installed
inside the vehicles according to figure 1.1 which DSRC messages are exchanged
between vehicles. Focusing on another scheme, V2I communication operates the data
transmission between vehicles and the traffic signs along the road. Exchanging DSRC

message between Road Side Unit (RSU) and OBU isthe major task of this scheme.



In addition, OBU/RSU devices are operated under the different standard in different

country

Figure 1. 1 Intelligent Transportation System

“‘A comprehensive survey on vehicular Ad Hoc network™, Journal of network and computer applications 2014.

The standard of DSRC is separated into three magjor zones. Firstly, ARIB
standard is used by Japan. ARIB standard operates at 5.8 GHz band. Secondly, CEN-
DSRC is operated by Europe. CEN-DSRC operates a 5.8 GHz band. Finadly,

IEEE802.11p (WAVE-Wireless Access for Vehicular Environments) operates at 5.8-



5.9GHz band which is defined by the north of America. IEEE802.11p were chosen by
many countries in the world. This is because IEEE802.11p can operates data
transmission when vehicle moves on the road. IEEE802.11p can eliminate the
drawback of traditional DSRC communication system such as multi-path fading and
Doppler Effect. Moreover, IEEE802.11p can provide a fast data transmission, high
tolerance communication link. With above reasons, IEEE802.11p standard is selected
for this dissertation. WAVE standard is firstly started from ASTM E2213-03 and
IEEE802.11a. The difference between IEEE802.11a and WAVE standard is the
increasing of symbol duration for two times. Thus, data transmission occurs when
vehicles move on the road. The applications of IEEE802.11p are separated into two
major applications. safety and non-safety applications. Focusing on safety application,
this application requires for more reliable communication link. This is because data
dissemination in safety applications directly affect to behaviors of the drivers. Then,
the high reliability of a communication link provides an accurate data reception at the

receiving vehicle.

OBU Antenna

(Roof, Front bumper and Back bumper)

OBU box

(Inside a vehicle)

Figure 1. 2 On Board Unit: (OBU)
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Figure 1.4 V2V message dissemination using an antenna having directiona radiation

pattern.

Also, improving the quality of signal reception at the receiving vehicles is the major
challenge for safety message dissemination. This is because there are many factors
which are affected to the quality of radio signal inside a communication area such as
tall buildings and obstacles along the road. Also, the signa quality improvement is
important for DSRC data transmission. Focusing on the traditiona DSRC system
according to figure 1.2. , an antenna having omni-directional radiation pattern has

been chosen for DSRC message dissemination. OBU device is installed inside the



vehicle. In addition, DSRC antenna can be installed at the roof, front bumper and
back bumper. As a result, the signal is transmitted overall 360 degree according to
figure 1.3. Thus, vehicles around the communication area can receive the signal.
However, the coverage area is reduced by signal depletion in undesired directions. As
aresult, the receiving vehicle receives a weak signa strength. Then, the performance
metrics are reduced due to the above issues. Consequently, the system reliability is
reduced. The above reasons introduce the improvement of signal quality which is
important for data transmission and reception in V2V DSRC safety application.
Then, an antenna having directional radiation pattern has been proposed for the
solution. Vehicles equipping with an antenna having directional radiation pattern is
presented in figure 1.4. Directional antenna points the main beam to desired
directions. Also, no signal power losses in undesired directions. As a result, signal
strength at the receiving vehicle is increased. Also, packet collision, BER and other
performance metrics have been improved. Then, the system reliability of V2V data
transmission is increased. However, an antenna having direction radiation pattern
cannot be used in some applications which are required forward and backward
directions. In addition, hidden node problem is occurred. As a result, packet collision

at the receiving vehicle, packet drop and packet error rate are increased.
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Figure 1.5 V2V with switched beam antenna system

The, smart antenna technology has been proposed for the solution. Smart
antenna technology steers the main beam to the desired directions which increases the
signal quality at the receiving side. Smart antenna technology is separated into two
main types. adaptive array antenna system and switched-beam antenna system.
Requirements of more processing time and more system complexity are the difference
between two types. Focusing on the requirements of safety application, short latency
is the mgjor requirement message dissemination for safety application. Also, adaptive
type is improper for the requirement due to the above reasons. Then, switched beam
system is the solution. Switched beam type for V2V communication is presented in
figure 1.5. However, the fixed beamwidth in switched beam system cannot respond
adequately to the change of vehicle positions, road width, and distance between
vehicles which is changed by time. Due to such problems, the system cannot achieve
a stable communication link. The mentioned drawbacks and shortcomings motivate
the solutions proposed in this dissertation. Note that the consideration on beamwidth

for elevation plane is beyond the scope for this thesis. This is because a short range is



the focus of V2V communications, all communicating vehicles are expected to be
positioned on nearly the same elevation plane. Therefore, connection loss concerning
the change in elevation plane is relatively small with respect to the azimuth plane. So
far, the quality of V2V communication link has not been considered in terms of
beamwidth optimization. Therefore, this thesis aims to investigate an optimum
antenna beamwidth for reliability enhancement. In this thesis, SQP optimization
method has been chosen for the optimum beamwidth determination. Moreover,
performance metrics such as Bit Error Rate (BER), Packet Error Rate (PER), average
Signal-to-Noise Ratio (SNR), average antenna gain, Time to Collision (T«e) and
Effective Communication Range (Rsse) are used to assess the benefit introduced by

the proposed solution.

1.2 Research objectives

The objective of thisresearch are asfollows:

121 To study the impact of antenna haf power beamwidth for V2V
communication.

122 To determine the optimum haf power beamwidth of V2V
communication which is categorized in the difference road environments: urban and
suburban.

1.2.3 To study the performance metrics of proposed system which is equipped

with the optimum half power beamwidth comparing to the conventional system.

1.3 Scopeand limitation of the study



1.3.1 The optimum antenna half power beamwidth for V2V communication is
investigated. The configuration of the simulation and experimentation is adjusted
following IEEE802.11p (WAVE-DSRC) standard. The operating frequency is 5.86
GHz with channel 172. Basic safety message dissemination is considered. The vehicle
speed is fixed as a constant value. In addition, the road environments include with
urban road and suburban road which are impacted to performance determination.
Performance metrics have been anayzed by statistical method.

1.3.2 The prototype antenna can be any types that can produce antenna half
power beamwidth according to the simulation results. Basic safety message is
disseminated by DSRC devices installed by the proposed switched beam system. The

performance metrics are investigated in different road environments.

1.4 Contributions

1.4.1 The performance in terms of SNR, BER, PER, TTC and ECR employing
switched beam antenna and optimum antenna half power beamwidth are improved
when comparing to the conventional V2V communication system. From the
literatures, the switched beam antenna system with optimum half power beamwidth
has never been presented.

1.4.2 The comparison of performance metrics consists of conventional system,
equal beamwidth system and optimum half power beamwidth system confirm that the
proposed system improves the signa quality. Consequently, the traffic safety is
increased due to the reliable communication link providing the effective

communication system in V2V data exchanging.



1.4.3 The optimum half power beamwidth of the main beam directions provide
maximum SNR at the receiving vehicles. The increasing of SNR at the receiving
vehiclesindicates areliability improvement of V2V message dissemination

1.4.4 Rgie - RSSI enhancement introduces the increasing of coverage range of
V2V message communication. The transmitting vehicle can communicate with
receiving vehicle at a long distance. So, the vehicles receive the message at a long
range which means that the drivers have more time to prepare for the bad situation on
the road such as accidents and chain collisions. Thus, the outcome of the proposed
system enhances the safety for the drivers. As a result, the proposed system will
support the requirements of V2V DSRC safety applications.

1.4.5 Ty : this parameter indicates the preparing time for a bad situation on
the road. In addition, Ty refers to the callision time. The proposed system produces

more Tre. AlSO, the traffic safety has been improved due to the increasing of T e

15 Thesisorganization

The remainder of this thesis is organized as follows. Literature review is
introduced in Chapter 2. Then, conventiona system isintroduced. The advantages and
disadvantages of an antenna having either omni-directional pattern or directional
pattern are presented. Then, switched beam antenna system is introduced for the
solution. In this chapter, the performance metrics and example application are
introduced.

Chapter 3 presents the basic concept of optimum haf power beamwidth
determination which is consisted of appropriate optimization method. Then,

constrained nonlinear multivariable optimization is explained. Moreover, the
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description of the research problem formulation is explained. It is consisted of the
determination of average antenna gain, angle spread between beam, and vehicle
position probability. Also, the objective function and optimization constraint are
discussed in this chapter.

Chapter 4 introduces the results of simulation and experiment. Then, optimum
beamwidth determination of the proposed system is introduced. Corner reflector is
introduced for shaping antenna half power beamwidth corresponding to the optimum
beamwidth values. The instrument and equipment in experimental setup are presented
in this chapter. Then, the measurement scenarios and key performances are discussed.
Finally, the performance metrics such as SNR, BER, PDR, Rge and Tge Of V2V
safety message dissemination are presented. Finadly, Chapter 5 presents the

conclusion of thisthesis and future work.



CHAPTER I

LITERATURE REVIEW

2.1 Introduction

The details of this section introduce for the literature reviews relating to the
objective of this dissertation. ITS/DSRC is integrated with DSRC technology. A
communication range is not exceed 1000 meters. The communication format of
ITS'DSRC is separated into two types: V2V and V2I. The devices of ITSDSRC
included with OBU and RSU. These devices operated at 5.825-5.925GHz bands. The
standard of ITS/DSRC is separated into three zones: North America (IEEE802.11p
WAVE-DSRC), Japan (ARIB STD-T75) and Europe (CEN-DSRC). |IEEE802.11p
WAVE-DSRC have been selected for this dissertation due to the benefits of this
standard. Most of OBU and RSU devices are equipped with an antenna having omni-
direction radiation pattern which is disseminated DSRC message in all directions. As
a result, the signa power losing in undesired direction introduces the reduction of
receiving power level. Then, an antenna having directional antenna radiation pattern
was introduced. But, an antenna having directiona radiation pattern cannot use in
some applications. Thus, smart antenna is presented for the solution. The antenna
HPBW is separated into two planes. azimuth and elevation plane. The effect of
azimuth antenna HPBW adjustment is more than elevation plane. Then, azimuth
antenna HPBW has been considered in this work. However, antenna HPBW of

switched beam antenna system is fixed. Then, the vehicle cannot connect the proper
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beam when comparing to the vehicle position on the road. Then, the receiving signal
level is reduced. Consequently, the signal quality is reduced too. So far, the
improvement of DSRC quality link using switched beam with optimum HPBW
optimization has not been considered. Then, the study of antenna HPBW
determination for V2V communication is more attractive. Thus, the previous reasons
inspired the determination of optimum antenna HPBW in vehicular communication.

The expected results are DSRC link reliability enhancement.

2.2 Thestudy of Intelligent Transportation System and Dedicated Short

Range Communication

The increasing of vehicles in the world promotes the traffic congestions and
accidents on the road. John B. Kenny (2011) introduced the fundamental of DSRC
technology in USA. The main objective of DSRC development is the reduction of
accidents on road. Also, collision prevention applications inspired the improvement of
DSRC technology. DSRC standard are separated into three zones. Europe used CEN-
DSRC which is established by ETSl. ARIB was used in Japan and U.S. used
IEEE802.11p WAV E-DSRC for the operation of ITS services. IEEE802.11p standard
is the most well-known in the world. IEEE802.11p standard supports the
communication of moving vehicles with high speed due to the increasing of symbol
interval. Thus, WAVE-DSRC standard tolerated for propagation effects such as multi-
path fading and Doppler Effect. Also, IEEE802.11p standard has been selected for
V2V configuration. Focusing on U.S. standard, the operation of ITSDSRC services
under IEEE802.11p standard reduced 82% of accidents on the road. ITS/DSRC

communication regime operates at 5.9GHz. FCC allocated 75MHz bandwidth for
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DSRC operation. DSRC bandwidth separated into seven channels. WAVE-DSRC
separated seven channels as the following: six SCH (Service Channels) and one CCH
(Control Channel). The bandwidth of each channel is 10 MHz and the guard channel
iS5 MHz. The channels of DSRC operated in different manners. The communications
inside the same WBSS include with one CCH and at least one SCH channel. WAVE
devices disseminated important message for avoiding the collision or accidents
prevention to the vehicles locating inside the communication area. Focusing on the
data dissemination, there are two differences of data dissemination schemes which are
categorized into V2V (Vehicle to Vehicle communication) and V2l (Vehicle to
Infrastructure communication).The equipment inside ITS'/DSRC network include with
OBU (On Board Unit) and RSU (Road Side Unit). OBU installs on the vehicle
dashboard. RSU appears on the tower of traffic signs beside the road. The devices
inside DSRC network are operated for the transmission and reception of DSRC
applications. Focusing on DSRC applications, they are separated into two main types:
safety and non-safety applications. DSRC safety applications establishes for the
improvement of road safety by using the dissemination of safety message. Non-safety
applications introduces for the improvement of driver convenience such as navigation
system, infotainments and traffic information. DSRC safety application directly
affected to the driver. This is because the information inside safety message notifies
the driversin order to avoid for abad situation on the road.

Lei Zhao (2013) presented that the intelligence of conventional transportation
system is made by DSRC technology which provides a fast data transmission and a
high reliability of the communication link. DSRC network for safety applications

alows a high speed message transmission. Focusing on the communication link
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reliability, performance metrics introduce for a communication link reliability
presenting in BER, SNR, PER, PDR and RSSI. A Lower BER, A Lower PDR and A
Lower PER introduce a high reliability of acommunication link. A higher SNR and A
higher RSSI present a high reliability of a communication link. Moreover, another
performance metric related to the vehicle travelling on the road are significant such as
time to collison and effective communication range. The increment of time to
collision introduced an improvement of traffic safety for the drivers. Because the
drivers have more preparing time for emergency events on the road. Thus, the
previous reasons introduced the major requirements of DSRC communication link.
Many researchers determined the solution for the enhancement of DSRC link.

Brian Gallagher (2006) introduced that IEEE and ASTM established DSRC
standard for wireless communications in vehicular network. DSRC communication
range did not exceed 1000m. IEEE802.11p is adopted from ASTM E2213-03
standard. DSRC standard used a similar physical layer parameter comparison with
IEEE802.11a. The difference between IEEE802.11p and IEEES802.11a is that
IEEE802.11p supports for the communication of vehicles moving on the road with a
high velocity. Moreover, DSRC specification defined 25% PER for the reference
limit. As aresult, PER limit introduced a high reliability of the communication link.
Moreover, the field test was introduced including with V2V and V2l communication
schemes. The maximum communication range was determined by the distance that
data transmission between vehicles produces PDR equaly 0.9 corresponding to

|EEES02.11p standard.
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Y.L. Morgan (2010) introduced the comparison between other wireless
technology and DSRC. US-FCC allocated the 5.850-5.925 GHz radio frequency band
for the enhancement of road safety. WAVE-DSRC used OFDM mechanism. The
modulation schemes include with BPSK, QPSK, 16-QAM and 64-QAM. Moreover,
the minimum and maximum data rate operated with 3 — 27 Mbps. Focusing on the
communication range, satellite technology produced a maximum communication
range. High data rate was established by satellite technology. Satellite is the famous
technology for navigation system, racing and hiking. However, the cost is too high.
Moreover, satellite communication did not communicate under an indoor
environments such as the road under toll way. Also, the technology supported for a
data transmission between moving vehicles introducing in DSRC technology.
Focusing on the benefits of DSRC technology, DSRC provided a fast data
communication to keep the connection with vehicles at al times. A low latency was
presented in DSRC because safety message is directly affected to the drivers.
Consequently, the receiving vehicles can receive a safety message in a short period.
Also, the traffic safety was occurred. Moreover, the increasing of symbol interva for
two times in DSRC standard introduced that DSRC can operate data transmission for

moving vehicles.

The literature reviews present that the maor requirements of DSRC link are as

the following:

- DSRC standard categorizes into three zone: Japan, North-America and

Europe.
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- IEEE802.11p is the famous standard in the world due to the capability of data

dissemination with high speed vehicles movement.

- IEEE802.11p standard was adopt from IEEE802.11a.

- DSRC channels separate into seven channels: one CCH and six SCH.

- DSRC safety message was transmitted in a short period.

- High reliability of DSRC communication link.

- A coverage range is not more than 1,000 meters.

Also, the next topic describes about the conventiona DSRC V2V
communication system. An important topic for ITSSDSRC communication is the
antenna radiation pattern issues. Theformant of antenna radiation pattern introduced
for the travelling direction of DSRC message. The study of antenna radiation pattern
will increase the communication link performance when using a proper antenna for
DSRC applications. The most of conventional DSRC devices included with an
antenna having omni-directional pattern. Then, DSRC message disseminated all
directions. The DSRC devices in the communication area can hear DSRC messages.
However, there are some signal power lost in undesired directions. As a result, the
level of receive power decreased. Then, the quality of DSRC link is reduced. The next
section introduces the benefits and the drawbacks of an antenna having omni-

direction pattern for the conventional DSRC system.
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2.3 Conventional DSRC V2V equipped with omni-directional antenna
Conventiona ITS antennas disseminate DSRC message for all directions. The
vehicles inside a communication area can receilve DSRC messages. As a result, the
drivers can prepare for the situations on the road. Thus, an antenna having omni-
directiona radiation pattern was introduced. Several studies in the literature present
the advantages and disadvantages of the omni-directiona antenna. There are more
disadvantages related to omni-directional antenna pattern. For example, the signa
power islost in the undesired direction. Moreover, omni-directional antenna provides
a short communication range. However, the increasing of omni-directional antenna
gain promotes the unnecessary interference problem for other nodes. Also, Table 2.1

presents the advantages and disadvantages of an omni-directiona antenna.
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Table2.1 Advantages and disadvantages of using an antenna having omni-

directiona radiation pattern

Advantages

Disadvantages

- A. Duzdar (2011) , M. Li (2011) and V.
Shivaldova (2012) introduced that antenna
having omni-directional is suitable for DSRC
message dissemination via OBU. Because DSRC
message is transmited in all directions. As a result
the vehicles inside the communication area can
receive their message.

-J. Harri (2013) presented the integration of
DSRC antenna appearing at the center of the roof.
The coverage area considers in azimuth plane.

- M. A. Westrick (2012) indicated that the energy
radiated in al directions due to the capability of
an antenna having omni-directional radiation
pattern. Focusing on the receiving side, vehicles
equip with DSRC device and an antenna having
omni-directional pattern communicating with
vehicles-roadside in the front, back, and along
both sides of the vehicle.

- C.F. Mecklenbratiker (2011) presented that
vehicle movement in horizontal (azimuth) planeis
considered for V2V coverage area. The coverage
area of V2V isindicated by the raidiation pattern
of omni-directional radiation pattern. Also, an
antenna having omni-directional radiation pattern
radiates the energy in al directions.

- RT. Juang (2012) introduced that vehicles
equipping with an antenna having omni-
directional radiation pattern can transmit signal in
all directions.

- S. Yi (2003) indicated that an antenna having
omni-directional radiation pattern received DSRC
single equally in al directions. Moreover, the
radiated signal is equal in all directions.

- M.W. Li (2011) indicated that the transmission of
DSRC messages passing through the tall building
along the roads is more difficult. In addition, small
coverage areain sparse network.

- R.T. Juang (2012) introduced that the using of
an antenna having omni-directional radiation
pattern increasing the number of packet collision,
and latency.

- S. Yi (2003) introduced that an antenna having
omni-directional radiation pattern concentrated the
energy into the undesired directions. Also, the
received power level at the receiver isreduced.

- O. Klemp (2010) indicated that an antenna
having omni-directional radiation pattern cannot
concentrate the energy to certain directions.

- D. Li (2007) introduced that contention and
collision packet at the intersection increase when
using an antenna having omni-directional radiation
pattern.

- Y. Li (2012) introduced that the accuracy of
DSRC communication link is reduced due to the
energy losing in undesired directions.

- T. Acharya (2008) presented that the high
inefficience of transmitted RF power is occurred
when using an antenna having omni-directional
radiation pattern. Moreover, RF power spreading
in the surrounding space, unwanted and harmful
interference to other neighbor nodes are occurred.

- R Ramanathan (2001) presented that
unnecessary interfering to other nodes is occurred
due to the energy dissemination in all directions.
Moreover, an antenna having omni-directiona
radiation pattern sometime received interference
signal.

- V. Shivaldova (2012) introduced that
transmitting signal in undesired directions reduced
the range of the transmission (due to lower RSSI
and multipath components).
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24 DSRC V2V with an antenna having directional radiation

pattern

The previous section introduced the benefits and the drawbacks of an antenna
having omni-direction radiation pattern. In addition, the solution for the improvement
of DSRC communication link is more important. S. Ghosh (2011) has presented that
an antenna having directional pattern is the solution. This is because an antenna
having directional pattern can radiate the signal to the desired directions. Then, there
are no signal power losing in undesired directions. Also, the signal quality such as
RSSI performance isimproved.

Due to the aforementioned disadvantages, omni-directional antennas might not
be a good choice for DSRC communication. Then, the determination of antenna
technology for DSRC link was introduced. Table 2.2 presents more benefits of
directional antennas. Directional antenna can focus the total radiated power to a
certain desired directions. Directional antenna increases the communication range.
Directiona antennas could also reduce the packet collision. Moreover, directional
antennas can reduce the latency and delay inside DSRC communication system. All
of these features show the potential benefits of directiona antennas. Furthermore,
directiona antennas seem to have a lot of advantages in comparison to the Omni-
directional antennas. Due to these reasons, the directional antenna should be selected.
However, there are some limitations of an antenna having directional pattern such as
hidden node problem and sometime cannot be used in some applications. The
advantages and disadvantages of an antenna having directional radiation pattern are
presented in Table 2.2. Focusing on the limitations of an antenna having directional

radiation pattern, an antenna having directiona radiation pattern cannot use in some



20

applications. A. P. Subramanian (2008) has presented that emergency brake light

applications requires for backward and forward beam. However, an antenna having

directional radiation pattern cannot operate only forward and backward beams but all

directions. Thus, the vehicle locating outside a DSRC communication area cannot be

received emergency brake light message. As a result, the chance of accident is

increased. Moreover, the chance of chain collision is increased too.

Table 2.2 Advantages and Disadvantages of directiona antennas

Advantages

Disadvantages

- O. Klemp (2010) has introduced that an
antenna having directional radiation pattern
can concentrate the main beam to a certain
directions.

-M.W. Li (2011) has presented that an
antenna having directional radiation pattern
increases a enetwork capacity, aleviate the
interference, focus the energy to a desired
direction. As a result, the enhancing of
receiving power increase the SNR at the
receiver side. Moreover, narrowing antenna
HPBW introduced for the increasing of
communication range.

- M. A. Westrick (2012) has indicated that
the energy can radiate in a desired
directions. High directivity introduces the
capability of concentrating energy to the
desired directions. Then, the receiving
power increases. Also, the communication
range isincreased.

-R.T Juang (2012) has presented that an
antenna having directional radiation pattern
can concentrate the signal to certain
directions. In addition, an antenna having
directional radiation pattern promotes for
more antenna gain. A latency can be
decreased and  unsuccessful  packet
receptions can be reduced due to the
capability of this antennatype.

-M.W. Li (2011) hasintroduced that an
antenna having directional radiation pattern
cannot use in some applications such as
emergency brake light application.

- S. Guo (2009) has introduced that large
beamwidth must be applied to cover al its
desired receiving nodes. Thus, a large
beamwidth introduced for the decreasing of
antenna gain. Then, the received power is
reduced. The energy-saving feature of
directiona antennas has to be somewhat
weakened.  Also, directional antennas
degenerate into omni-directional antenna.
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Table 2.2 Advantages and Disadvantages of directional antennas (continued)

Advantages Disadvantages

- S. Guo (2009) has introduced that the
transmission power is saved by
concentrating RF energy to desred
direction.

- V. Shivaldova (2012) has introduced that
the coverage range is improved by
suppression of undesired multipath effects
and frequency selective fading . Moreover,
higher antenna gain promotes the increasing
of throughput and coverage range. In
addition, the reliability of communication
link isincreased.

- S. Yi (2003) has presented that the average
throughput is improved two-three times over
that obtained by using CSMA/CA.
Moreover, the utilization of wireless
medium is improved. Capacity of networks
using directional antennas isimproved.

The information inside Table 2.2 introduces the advantages and disadvantages
of DSRC communication link with an antenna having directional radiation pattern.
Focusing on using an antenna having directional radiation pattern for DSRC
communication, there are more advantages that improve the link quality. However, an
antenna having directional radiation pattern cannot be used in some applications such
as emergency brake light or the configuration of RSU. RSU with an antenna having
directiona radiation pattern can concentrate the main beam to the desired directions
on the road. As a result, the vehicle can exchange message with RSU. Also, this
communication scheme was appropriate for V2I communication scheme but not for
V2V communication. These limitations of an antenna having directional radiation
pattern inspired the determination of V2V communication link enhancement based on
antenna technology. Also, the literature reviews of appropriate antenna technology is

presented in the next section.
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2.5 DSRC with smart antenna technology

A.P. Subramanian (2008), S. Panngam (2010), M. Uthansakul(2010), S. A.
Mitilineos (2007) and S. K. Sanyal (2006) indicated the powerful smart antenna
technology which provided the reduction of interference effect and increasing the
signa quality at the receiving vehicles. There are two types of smart antenna
technology including a switched-beam antenna and an adaptive array antenna. The
adaptive array antenna requires more processing times due to feedback control bits for
adjusting the phase and amplitude of the transmitting signal. Switched-beam system
does not require complexity and intelligent methodology. Also, the processing time of
switched beam system is less than adaptive array system.

However, the works presented in Z. Zhang (2008) and F. Liu (2010) have
introduced other significant factors to the performance of switched-beam system. One
of these factors is the antenna haf power beamwidth (HPBW). A conventiona
switched-beam system has an equal HPBW for each beam. The equal HPBW is
determined without the consideration of vehicle positions on the road and the
environments of the road so this causes the inefficiency of using conventional HPBW
for V2V applications. Due to the impairments mentioned earlier, smart antenna
systems have been envisaged to be the solution for vehicular networks. This is
because the systems provide automatic beam steering depending on the change of
desired and undesired signal. This results in high diversity gain, interference
reduction, and an increase in system reliability. Moreover, the expansions of coverage
area and link quality enhance against multipath fading using smart antennas. From the
literatures, researchers have gain lots of attention in consideration of switched-beam

antennas into V2V communication system. However, this still leaves some drawbacks
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for V2V communication systems as follows. The fixed beamwidth in switched-beam
system cannot well response to the change of vehicle positions, road width and
distance between vehicles which alters from time to time. According to this, the
system cannot achieve a stable communication link. The mentioned drawbacks
encourage the motivation of this dissertation. Note that the consideration on
beamwidth for elevation plane is out of scope for this dissertation according to the
following reasons. As a short range is the nature of V2V communication, all
communicating vehicles are expected to be positioned on nearly the same elevation
plane. Therefore, connection loss concerning the change in elevation plane is
relatively small in comparing to azimuth plane. However, the literature reviews
presented only antenna half power beamwidth and antenna gain values according to
Table 2.3. The narrowing HPBW introduced high antenna gain. Thus, the details of
the literature reviews presented the significant of antenna HPBW which affected to
DSRC V2V communication system. Also, antenna half power beamwidth influenced
for V2V communication link. So far, the quality link of V2V communication has not
been considered in terms of half power beamwidth optimization. Then, the study of
antenna half power beamwidth determination for V2V communication is more
attractive. In addition, another important issue is the vehicle position probability. This
factor related to the average antenna gain determination. The information of vehicle
position probability is significant. This is because the vehicle can connect a correct
beam direction corresponding to the vehicle position on the road. Also, V.L. Knoop
(2012) has revealed that the determination of vehicle position probability can be
calculated using the amount of vehicles passing the sensors installed in each lane.

According to this, the probability of vehicles position on the road can be calculated.
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The azimuth radiation pattern was considered from the literature. The narrow azimuth
HPBW promoted a high antenna gain. As a result, the communication length is
increased. The narrow HPBW is suitable for the long communication range. On the
other hand, wide HPBW radiation pattern promotes a low antenna gain. The wide
antenna HPBW provides a small coverage range. Also, the information from the
literatures confirmed the importance antenna HPBW for V2V DSRC communication
link.

Table 2.3 Antenna gain and half power HPBW in azimuth plane

Literaturereviews Radiation Pattern types Antenna Gain
References Azimuth (degree)
RSU OBU RSU OBU
L. Zhao (2013) 16dBi 6dBi
V. Shivaldova (2012) 60° - 6 dBi -
35° 10 dBi
42° 13 dBi
40° 14 dBi
Y. Li (2012) - 45° - -
S. Panichpapiboon - 30° - -
(2012)
A.P. Subramanian omni-directiona - 15dBi 9dBi
(2008) 45°
Z. Zhang (2008) 82° - 11.5dBi
J. Karedal (2010) = - - <6 dBi
W. Y. Lin (2010) omnidirectional - 5 dBi
antenna
N. Agafonovs (2012) - omnidirectional - 10dBd
F. Kamal (2012) - omnidirectional - 9 dBi
A. Timm-Giel (2007) - 45° - 7dBi
S. Demmel (2012) - Sticky antenna - 8 dBi
Omni
W. Cho (2011) omni-directiona 8+1dBi -
antenna
F. Martelli (2011) directional antenna 5dBi
W.Cho (2011) directional directional antenna 8dBi 8dBi
antenna
V. Shivaldova (2013) 35/35 Omni-directional 10 dBi 5dBi
40/30 14 dBi
> +45° - - -
> +63°
NTIA (2013) 65° to 90° - - -
M.K. Marina (2010) 30° - - -
45°
60°
|. Shimada (2005) - 76° 6.6dBi -
J. Mittag (2009) - 30° - -
R. Ramanathan (2005) - 45° - 6dBi
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Table 2.4 The advantages and disadvantages of switched beam antennas.

Advantages

Disadvantages

- C. F. Mecklenbratiker (2011) has introduced
that RX diversity improved system reiability in
VANET. Smart antenna technology improved
system  robustness, enhancing  network
scalability enhancing interference management
in heavily loaded V2V.

- R.T. Juang (2012) has indicated that the
latency is reduced. Then, unsuccessful packet
receptions are decreased.

- A. G. Anbaran (2013) has presented that smart
antenna technology improved system capacity
more than 2 bps/Hz. In addition, smart antenna
technology provides interference cancellation.
Then, SNR of the communication system is
improved. Moreover, power consumption is
enhanced due to higher antenna gain.

- 1Y. Li (2012) has introduced that switched-
beam antenna system improved the system’s
achievable performance.

- V. Shivaldova (2012) has introduced that smart
antenna produces more advantage comparing to
an antenna having directional radiation pattern.

- S. Yi (2003) has introduced that beamforming
can increase system throughput and delay
reduction reduction in delay.

- R. Ramanathan (2001) has presented that
smart antenna reduced interference problem. As
a result, signal-to-noise ratio is improved. In
addition, multipath fading is mitigated.

- C. F. Mecklenbratiker (2011) has presented that
the number of mounting positions for the car
company is restricted. Smart antenna requires
multiple connection lines from the antenna
housing to the control unit.

-R.T. Juang (2012) has shown that the antenna
HPBW is a significant issue. Narrower antenna
HPBW provides a higher antenna gain and higher
communication range. But, lower coverage area.

- F. Liu (2010) has introduced that azimuth
antenna HPBW affected to performance of
communication system. The improper antenna
HPBW introduced for a low quality of a
communication link.

- A.P. Subramanian (2008) has introduced that
beam  steering antenna  improved  the
communication throughput. However, this system
requires more intelligent processing unit due to
the capability of beam steering. Moreover, the
delay is increased due to the amount of main
beams.

-V. Navda (2007) has shown that beam steering
system is more complexity. Then, the system
process requires more processing time. Thus, the
system cannot provide a latency according to the
major requirement of DSRC standard.

- S. Gou (2009) has introduced that using single
narrow-beam in multiple transmissions is usually
impractical due to its lack of scalability in

resource-constrained VANETS.

Focusing on the benefits and drawbacks of switched beam antenna system, the

benefits of switched beam antenna system is presented in Table 2.4. There are more

advantages that improved the DSRC V2V communication link. Also, the literature
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reviews inspired the determination of optimum antenna half power beamwidth for
V2V DSRC communication link. The man purpose is the enhancement of
communication link reliability. Consequently, the improvement of link quality
introduces the indirectly enhancement of road safety according to the main purpose of

I TS/'DSRC establishment.

2.6 Performance metrics
The performance metrics of ITSDSRC communication link introduced the
measurement of communication link quality. There are more performance metrics
which present for communication link stability and reliability. This dissertation
focuses on the performance metrics for V2V communication link. Also, the average
antenna gain is the first performance metric which transfers to the average SNR
calculation. Moreover, the average SNR is the powerful performance metric which
introduces a communication quality. High SNR presents a high communication link
quality. As aresult, the received power level at the receiver increased which produced
a low BER and PER values. Then, the receiver can receive for more accurate
ITS'DSRC packets.
The SNR presents the quality of V2V communication link. A higher SNR indicates
a better communication link. However, there are other performance indicators for
V2V communication link which are BER and PER. These parameters are also related
to SNR. The relationship between SNR and BER has been presented in L. Zhao
(2013) .The authors have presented the calculation of BER performance for OFDM
wireless communication in which a good communication link can be achieved when

BER islow. According to this, agood communication link refersto a higher receiving
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signal level at the receiving side. Thus, the higher recelving signal can improve
system performance and aso system reliability. R. Sabouni (2012) has discussed
about an importance of BER and PER calculation for V2V communication link.
Moreover, the computation of communication delay time corresponding to BER and
PER vaues has been shown in R. Sabouni (2011). The maximum acceptable
communication delay time is 0.1 s or 100 ms in the distance of 150 m between
vehicles. In addition, another important parameter for communication delay time is a
contention window. According to this, IEEE Working Group (2002) has revealed
that the DSRC message types for IEEE802.11p standard are separated into 2 types:
safety message and non-safety message. The minimum contention window size is
suitable for safety message due to the requirement of low latency and a small packet
size for safety message. On the other hand, the maximum contention window size is
proper for non-safety application. The BER, PER and communication time of V2V
communication link are investigated. Moreover, BER and PER of DSRC/ITS
introduced for the reliability of the communication link. Lower BER and PER
presented a high communication link reliability. As aresult, the road safety indirectly
increased due to a high link reliability. In addition, a high link reliability introduced
the increasing of correct received packets. Also, the performance metrics considering
in this dissertation include with average SNR, BER and PER. Moreover, another

important performance metric has been introduced in terms of R, (Effective

Communication Range) and T,

fe

(Time to Callision). R,.is introduced for the

communication range which produced a packet dropping rate less than 0.9. These

performance metrics dedicated for the vehicle can receive more accurate packet inside
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a DSRC coverage range. Focusing on T, this value introduces for a time to
collision. A high T, introduced for the increasing of preparing time for the drivers.

As aresult, the driver can aware of a situation on theroad. So far, V2V improvement
in terms of switched-beam antenna system for V2V communication link has not been
considered in the literature. Also, this dissertation introduced the enhancement of

Ry and T, which are determined by the improvement of average SNR. As aresult,

the road safety increases due to the benefits of the proposed system.

2.7 Optimization methods.

The previous section introduced the performance metrics which presented the
quality of V2V communication link. The average SNR isthe main role. Average SNR
was determined by the relationship between antenna HPBW and receiving power
level inside the Friis Transmission equation. The Friis transmission equation included
with significant parameters such as transmit antenna gain, transmission power,
distance between vehicles and operating frequency. Moreover, the antenna gain
function inside Friis formular included with antenna HPBW vaue. The antenna
HPBW value separated into two planes. azimuth and elevation. As mentioned earlier,
antenna HPBW in azimuth plane has been considered. Narrowing antenna HPBW
produced high antenna gain. Consequently, the average SNR at the receiver increased
due to a high antenna gain. Also, al parameters send to Friis transmission equation.
Then, the average SNR was calculated. Focusing on the optimization process, the
objective function of the proposed system is more important issue. The main objective

function determines maximum average SNR according to a proper antenna HPBW.
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Accordingly, a proper antenna HPBW provides an improvement of signal quality and
enhancing the road safety with the reliability improvement of V2V message
dissemination. Thus, average SNR is the main objective of optimization problem.

The details from above session introduced for antenna gain function including
antenna HPBW and other significant parameters. The antenna gain function
categorized into nonlinear multivariable equality constrained optimization. D. E. Kirk
(2012) and H.P. Geering (2007) have introduced Jacobean and Lagrange methods
which are suitable for a single equality constraint. However, the above methods
cannot choose a suitable gain function, vehicle position probability and angle spread
between beams according to vehicle position on the road. Moreover, the difficulty of
the computation presents the improper method for the proposed optimization problem.
Because, mentioning methods require for more processing time. Other methods are
direct and indirect methods. Search method is the simplest way to determine the
optimum HPBW. But, it requires more processing time due to the amount of possible
input HPBW cases according to the constraint. Focusing on the objective function, the
objective function is categorized into nonlinear multivariable optimization problem.
According to this, there are the powerful optimization processes which are proper for
this objective function. Also, P. Venkataraman (2009) has presented that the proper
methods for this objective function is Sequential Quadratic Programming (SQP)
methods. SQP method is the powerful method for determining the optimum value for
the objective function which is related with quadratic equation. Moreover, SQP
methods require for low processing time. Also, SQP method has been selected for the

determination of optimum HPBW for V2V RHW application.
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2.8 Chapter Summary

The objective of the proposed system is the determination of optimum antenna
half power beamwidth for V2V communication. Firstly, the introduction of
ITS'DSRC is explained including with the fundamental of ITS'DSRC communication
structures. In addition, the antenna for V2V DSRC network is described. An antenna
having omni-directional radiation pattern frequently uses in ITSDSRC. Then, the
drawbacks and the limitations of the conventional antenna for ITSDSRC are
discussed. Then, the antenna having directional radiation pattern is introduced for the
solution. The limitations of directional antenna are presented. Also, smart antenna
technology is described due to the drawbacks of the antenna having directional
radiation pattern. However, due to the limitations of conventional switched beam
antenna system then the proposed system is introduced. Next, the proper optimization
techniques for optimum antenna half power beam width are discussed. In addition, the
performance metrics including with BER, PER, SNR, RSSI, Tge and Rge are

investigated to present the successful of the proposed system.



CHAPTER I11

BACKGROUND THEORY

3.1 Introduction

The related background theory are separated into three major topics. Firstly, the
physical layer technologies of ITS/IDSRC are introduced. Secondly, the related
antenna theories are explained. Finally, the related optimization theories are
presented. Focusing on ITS/DSRC topics, the standard of ITSDSRC is separated into
three major zones. North-America, Europe and Japan. The operating frequency band
are 5.8 GHz and 5.9GHz. The difference of each standard is the operating frequency,
data rate and coverage range. Due to the benefits of IEEE802.11p standard then this
standard has been chosen. IEEE802.11p standard operates at 5.9GHz band. 27 Mbps
is the maximum data rate. The coverage range does not exceed 1000m. Moreover, this
standard provides the data exchange between moving vehicles. The structures of
DSRC technology based on IEEE802.11p standard are presented. Moreover, the study
of IEEE802.11p standard is introduced including with OSI layer. The enhancement of
physical layer is the main objective of thiswork. Next, the antenna theory is described
which included with fundamental antenna characteristics. Another significant issue is
the radiation pattern of the antenna. The radiation of the antenna presents an important
parameter. The significant parameter is antenna HPBW. Wide HPBW introduces for
high coverage area but low communication range. As a result, the antenna gain is

reduced when antenna HPBW is wide. Consequently, alow gain antenna introduces a
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low receiving power. Then, the communication performance such as PER, BER and
RSS| are reduced. An antenna having omni-directional radiation pattern introduces
for alosing received signal power in undesired directions. Thus, directional antennais
introduced due to the capability of concentrating the tota power to the desired
directions. However, an antenna having directional radiation pattern cannot be used in
some applications. Then, smart antenna technology is proposed due to the capability
of beam steering in a desired directions. However, the consideration of antenna
HPBW does not concern in conventional smart antenna system. But, the shape of the
antenna and the antenna HPBW make an importance for ITS'DSRC service. Thus,
this work presents the study of related antenna theory which improves ITS'DSRC
communication link performance. In addition, the proposed concept introduces the
determination of optimum antenna HPBW. Thus, the theory of optimization technique

isintroduced. Finally, the performance metrics evaluation are described.

3.2 Intelligent Transportation System and Dedicated Short Range

Communication

The amount of the vehicles on the road is increased rapidly. In contrast, the
number of the road infrastructures are not increased. As aresult, the traffic congestion
and the chance of accidents are raised. There are more solutions such as new road
construction to increase the road area supporting the vehicles. However, the
mentioned solution required for more government budget. Thus, the increasing of
road area only introduced for solving traffic congestion problem. Focusing on the
accident issue, the increasing of the vehicles increased the chance of accidents on the

road. The increasing of road area introduced for the appending of high speed moving
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vehicles. The vehicles with high speed movement increased the chance of an accident.
Thus, the government in the world determined for the solutions for reducing travel
time and accidents on the road with a low budget. Recently, the researchers propose
the technology which increased the convenience for the drivers and enhancing the
traffic safety by the communication technology. The communication technology
called a communication based applications which are based on the installation of
electronics devices on the vehicles. The vehicles on the road can talk with each other
by transmitting and receiving the importance message. Focusing inside the messages,
the heading or directions, speed, position can send to the vehicles inside a
communication area. The benefits of these information are introduced for the
development of the application for the vehicles to reduce the accidents on the road
and improve the traffic problems without new road construction. The technology
providing the mentioned information is called as vehicular communication. The
integration of conventional transportation system and smart communication
technology produced Intelligent Transportation System (ITS). The main purpose of
ITS is the increasing of traffic safety without new road construction. ITS is operated
by Dedicated Short Range Communication (DSRC) technology. ITS introduced a low
operations costs of traffic problem reduction. Thus, the mentioned reason made an
attractiveness for the government in the worlds. The introduction of related ITS
theory are described in this chapter. Firstly, the ITS/DSRC standard is introduced.
ITSIDSRC standard separated into three mgjor zones. North America, Europe and

Japan.
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Table 3.1 ITSDSRC standard comparison

Parameter Japan Europe North-
America
(CEN-DSRC)
Frequency band 5.8 GHz 5.8 GHz 5.85-5.925
GHz
Data 1 or 4 Mbps 500 Kbps (Downlink) 27 Mbps
transmission
250 Kbps (Uplink)
rate
Standard ARIB STD-T75 CEN IEEE802.11p
& T88
(WAVE-
DSRC)
Coveragerange Up to 30 m. Up to 30 m. Up to 1,000 m.

The different of each standard is presented following Table 3.1. But, the low
latency of the communication link and high reliability are the maor requirements of
three standards. Because, ITS/IDSRC applications directly effect to human lives. Table
3.1 presents the famous standard in the world. This work selected IEEE802.11p

WAVE-DSRC for the experimental configuration.
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Figure 3.1 IEEE802.11p Spectrum Allocation.

Focusing on the frequency spectrum allocation, FCC defined 5.825-5.925 GHz
band for the operating of ITS/DSRC services. The spectrum allocation and the tasks
of IEEE802.11p standard are introduced in Fig. 3.1. IEEE802.11p spectrum allocation
is separated into seven channels including with one control channel and six services
channels. The bandwidth of DSRC spectrum is 75 MHz. Channel 178 is assigned for
control channel. Channel 172 is assigned for V2V communication. Channel 184 is
assigned for V2I. The guard channel islocated at the low end.

Focusing on IEEE802.11p specifications, the modulation types are BPSK,
QPSK 16-QAM, 64-QAM. OFDM technology has been selected. The using of OFDM
technology is increased the system reliability when communicating with high speed
vehicles. IEEE802.11p is developed from IEEE802.11a. The difference between two
standards is the two times increasing of symbol interval. Asaresult, IEEE802.11p can

communicate with vehicles moving in a high speed. The data rate is separated into
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two groups: data rate for 10MHz and 20 MHz bandwidth. Focusing on 10MHz, the

data

Figure 3.2 V2V communication scheme

rate initiated as following: 6, 9,12,18,24 and 27 Mbps. In other words, 6, 9, 12, 18, 24,
36, 48 and 54 are the data rate for 20 MHz. Then, IEEE802.11p can transmit a huge
information in a short period. Then, the latency is lower than other standards. This
benefit indicates that IEEE802.11p standard is proper for safety application. Safety
message dissemination in a short period introduced that the vehicles can receive the
messages suddenly. Also, the safety of the drivers is increased. Then, IEEE802.11p
standard is chosen for the study of ITS'DSRC communication in this work. The

communication scenarios of IEEE802.11p using DSRC technology is categorized into
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two main types. Vehicle to Vehicle communication (V2V) and Vehicle to

Infrastructure communication (V21).

Figure 3.3 V2| communication scheme

Focusing on the devices related to this standard, ITS/DSRC included with two main
devices. Firstly, On Board Unit (OBU) or On Board Equipment (OBE) isinstalled on
the dashboard inside the vehicles. Secondly, Road Side Unit (RSU) or Road Side
Equipment (RSE) is installed aong the road. This work calls OBU and RSU. The
message transmission between OBU calls V2V scheme presenting in Fig.3.2. The
vehicles exchange their safety or non-safety information with each other. Then, the
vehicles inside DSRC communication area can receive the message. As a result, the
driver can prepare for the situation on the road. The message transmission between
OBU and RSU calls V2l scheme presenting in Fig.3.3. The vehicles exchange their

significant message with the RSU unit installing along the road. In contrast, the
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message transmission between vehicle and the devices along the road is the major
tasks of RSU devices. In addition, an antenna having omni-directional radiation
pattern is the famous antenna coming with DSRC devices due to the benefits of
transmitting DSRC message for al directions. However, two-ray radio
communication is another requirement of V2V communication. Thus, the traditional
antenna cannot support this requirement. Then, the antennaissue is significant for the
enhancement of vehicular communication link. Moreover, the beam directions could
increase or decrease the link loss 6-12dB. Then, the antenna devel opment techniques
IS more important.

Focusing on the applications in V2V and V2l communications, the applications
in ITS commination are categorized into two main types. Firstly, safety applications
are important applications. This application requires more link reliability and high
quality of the communication link. The safety applications are separated into two
types: Hard safety and Soft safety. Figure 3.4 presents the applications in Safety
applications. The hard safety application affect directly to the drivers. Then, the
results from these applications impact to the decision of the drivers. As a result, the
information dissemination in hard safety application need a high reliable of the
communication link and low error rate. In example, the data transmission in Forward
Collison Warning requires more accuracy information to make a decision of the
drivers. High error rate message receiving introduces for a wrong decision. Then, the
chance of an accident increases due to the mentioned above. Next, soft safety
applications are introduced. The impact of soft safety applications are lower than hard
safety applications. In example, the construction zone application needs for the

construction location notification. Thus, the message transmission requires good link
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Figure 3.4 Safety applications

quality but not similar to the hard safety applications. In summary, the hard safety
application requires more accuracy link quality. Because avoiding crashes and
minimizing the vehicle and human lives damage are the major objective of the hard
safety applications. Secondly, non-safety applications introduce for the increasing of
driver’s convenience. The data transmission in non-safety applications does not need
a high link reliability. These applications transmit the message only for the improving
of vehicle movement on the road. However, the increasing of communication link
reliability is the significant topics. This is because the better communication link

introduces a high reliability ITS'DSRC link. However, the conventional ITS/DSRC
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devices integrated with an antenna having omni-directional radiation pattern
disseminate DSRC message in all directions. Then, the information transmitting in
undesired directions introduce a low received signal level at the receiving side. Also,
the topics of transmitting signal in desired directions is more important issue. The
appropriate antenna techniques increase the receiving signal power level. As a result,
a high correct received information enhances the road safety indirectly. Thus, this
work investigates the proper and low complexity of the antenna techniques which

increase the communication link quality.

3.3 Related Antenna Theory

Recently, ITS'DSRC is developed widely in the world. The major goals of
ITS/DSRC is the reduction of traffic congestion and accident on the road with an
intelligent communication technology. Then, ITS'DSRC introduces the attractiveness
to the government in the world concerning for the development of ITSDSRC
technology. Focusing on wireless communication, antenna is the key element. The
newest vehicles equipped with AM/FM antenna, GPS antenna, Cellular or LTE
antenna and Digital video (DVB) or Digital Audio (DAB) antenna. Other significant
antenna are automotive radar, sensors and Electronic Toll Collection (ETC). In
addition, there are more automotive wireless devices require for the intelligent
antenna techniques which increase the communication link performance. To indicate
the antenna ability, the studying of basic related antenna parameters and definitions
are important. Especialy, the antenna radiation pattern is the significant topic which

indicates the antenna HPBW and antenna gain.
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3.3.1 Radiation Pattern

The radiation pattern indicates the capability of the antenna. C.A.Balsnish
(2005) introduced the definition of antenna radiation pattern. The definition of the
radiation pattern is presented as follows:

“A mathematical function or a graphical representation of the radiation
properties of the antenna as a function of space coordinates. In most cases, the
radiation pattern is determined in the far field region and is represented as a function
of the directional coordinates. Radiation properties include power flux density,
radiation intensity, field strength, directivity, phase or polarization.”

The formats of antenna radiation pattern in this work are categorized into
an antenna having directional radiation pattern and antenna having omni-directional
radiation pattern. The consideration of antenna radiation pattern is separated into two
formats: 2D and 3D. The radiation pattern is presented in a logarithmic scale. The
radiation pattern of the antenna is separated into three formats. field pattern, power
pattern (linear scale) and power pattern (in dB). The radiation pattern is included with
antenna pattern lobes. The antenna pattern lobes are presented in Fig.3.5. The key
parameter is the antenna half power beamwidth (HPBW). The main lobe indicates the
directions of maximum radiation. The antenna radiation pattern included with E and
H planes. E-planeis the electric field vector. H-plane is the magnetic field vector. The
antenna radiation pattern presents the ability of the antenna. HPBW indicates the
antenna gain. The wider antenna HPBW introduces for a lower gain but higher
coverage area. However, the wider antenna HPBW introduces lower communication
range. In contrast, the narrow antenna HPBW introduces more antenna gain. As a

result, the communication performance is improved due to the increasing of antenna
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gain. Focusing on an antenna having omni-radiation pattern, the transmitting signal is
disseminated in undesired directions. Thus, the receiving side can receive a lower
received power. As a result, the performance of the communication link is decreased
due to the drawbacks of an antenna having omni-directiona radiation pattern.
Focusing on the main lobe of the radiation pattern, the main lobe of the antenna
radiation pattern contains a maximum radiation. Then, the maximum radiation
indicates the directions of the main beam. The antenna radiation pattern is measured

in far field region. Next, the field region is presented in Fig.3.6.
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a) An antenna having omni-directional radiation pattern.

b) An antenna having directional radiation pattern.

Figure 3.5 Radiation pattern: HPBW and FNBW



Far-field (Fraunhofer) region

Radiating near-field
(Fresnel) region

Reactive near-field region

1C
ng

Figure 3.6 The antennafield regions.

Radiation Field Regions

The radiation regions separated into three zones: reactive near-field,

radiating near-field (Fresnel) and far-field (Fraunhofer) presenting in Fig.3.6.

- Reactive Near-field Region

A distance between antenna and the field region

A largest dimension of the antenna

Wavelength



The reactive near-field region indicated the portion of the radiated power
closely to the antenna. The relationship is expressed in (3.1).

-Radiating near-field (Fresnel) Region

(3.2)

Where; R A distance between reactive near-field and far-field

region

A Fresnel region introduce the region between reactive near-field and far-field
region.
- Far-field (Fraunhofer)

2
2D
R 2

25T (3.3

Taud R2 A distance from reactive near-field region

In the most cases of antenna radiation pattern measurement, Fraunhofer region
has been selected. The far-field region presents a clearness of the measurement result.
The amplitude of the antenna is changed from reactive near-field to far-field region.
Moreover, the far-field region clearly expresses the main lobes, minor lobes and side
lobes. Due to the benefit of far field region then far field region makes an
attractiveness of far-field region antenna radiation pattern measurement. Thus, the

comparison of radiation pattern measurement is presented in Fig3.7.
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Figure 3.7 The amplitude variation from reactive near field to far-field.

3.3.3 Antenna Half Power Beam Width (HPBW)

Another significant parameter of antenna radiation pattern is the antenna
half power beamwidth (HPBW). The antenna HPBW indicates the angle spreading
between two points. Focusing on Fig. 3.5, the illustration indicates that two points are
located the radiation intensity equally 0.5 times of the maximum directions. HPBW is
an important parameter. When decreasing antenna HPBW, then the number of side
lobe increases. The consideration of antenna HPBW is separated into two planes:
azimuth and elevation planes. Focusing on vehicular communication, the azimuth
plane is affected to the quality of the communication link more than elevation plane
because a lower distance between vehicles. Moreover, the width of antenna HPBW
affect to other significant antenna parameters. The narrow antenna HPBW produces
more antenna gain, increasing a communication range and enhancing the received
signa power level. Thus, the variation of antenna HPBW affect to the performance of

acommunication system.
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3.3.4 Antenna Directivity
The important topic of the antenna is how much radiated power
disseminate to the desired directions. Directivity of the antenna is one parameter
which introduces for the energy concentration to the desired directions. Directivity of
the antenna is the ratio of the radiation intensity in a desired directions and the
average radiation intensity in all directions. The antenna directivity does not express

the unit. The directivity is presented:

f f
o(qf)= v(af) _spu(qf) (3.4
av P;ot
__+pu(af)
D(q *f )_2p p (3-5)
[ Tu(qf )sinqaqdf
00
Where;  n(qf) Antenna directivity in desired direction
v(gf) Antennaradiation intensity in agiven directions
U Average radiation intensity in all directions
ay
P Thetotal power radiated

tot
3.3.5Antenna gain

The above section introduced the directionality of the antenna. The
directivity indicates the ability of the antenna which concentrates the energy to the
desired directions. The determination of antenna directivity does not concern for
antenna losses, dielectric losses, transmission line miss matches. Thus, the above
topics have been considered for the determination of antenna gain. The expression of
antennagain is presented in (3.6). Where e refers to the antenna efficiency consisting

of losses and miss matches effect.
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The antenna gain depends on the antenna HPBW. The reducing of antenna HPBW
introduces the increasing of antenna gain. However, there is no related topic which

investigated the optimum antenna HPBW for vehicular communication.

3.4 Smart antenna

Smart antenna technology is established for the enhancement of wireless
communication link in terms of steering the main beams to the desired directions. The
using of smart antenna technology increases the antenna gain. As a result, the
coverage range and coverage area are increased. Moreover, the receiving signal power
level is improved due to no signal lost in undesired directions. In addition, the
communication link stability and the effect of interference signal have been solved
with the benefits of smart antenna technology. Smart antenna technology is
categorized into two types: switched-beam antenna system and adaptive array antenna
system. The difference between two types is feedback control bit sending to the
transmitter for adjusting the transmitted signal which is better than the previous
transmission sequence. Thus, adaptive array needs for the intelligent processing unit.
Moreover, the process needs for more processing times. Thus, using adaptive array
with vehicular communication is not proper. Because vehicular communication needs
alow latency of the communication link. In contrast, switched-beam antenna system
does not require feedback control bit. Thus, switched-beam antenna system has been
selected for the improvement of vehicular communication link. In addition, the

followings indicate the benefits of smart antenna technol ogy.
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- The capacity of the communication link isincreased.
-SNR is higher than SIR.
-The receiving signa power level isincreased.

-The interference levd is decreased.

- Switched-beam antenna system

Switched-beam antenna system is established for the enhancement of receiver
side by a ssimple method. Switched-beam system is consisted of N antenna array
connecting with beam forming networks and beam selection process. The illustration
of switched-beam antenna system is presented in Fig.3.8. The output signal passing
through the proposed process improves the communication performance at the
receiving side. In the most cases, switched-beam antenna system is installed at the
receiving side. The mechanism of beam switching system is initiated with receiving
signal strength from all input ports. Next, the beam selection process is presented for
maximum signal strength detection. Then, the maximum receiving signal strength has
been selected for the connection between the receiver and transmitter. As aresult, the
received signal is increased. As a result, the quality of the communication link has

been enhanced.
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Figure 3.8 Switched-beam antenna system

Moreover, switched-beam system is arranged as following: linear array, planar
array, single antenna element for switched-beam system and multiple antenna element
for switched-beam system. Focusing on the single and multiple antenna element
switched beam system, the multiple antenna element is more attractive than single
antenna system. Because the construction of single antenna element is more difficult
than the multiple antenna element.

-Single antenna switched-beam system

The single antenna switched-beam system equipped with a small electronic
device for beam steering process. The single element antenna steered to the desired
direction according to the command of the electronic device. However, the
configuration of a small electronic device for beam switching mechanism is the major
challenge. Moreover, providing only one antenna HPBW is another drawbacks of the
single element. But a small system and flexible beam steering mechanism are the

benefits of this system. In addition, the previous subsection introduces the tradeoff
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between the drawbacks and the benefits. Focusing on vehicular communication
system and the proposed system, single element is not proper for the proposed system
due to the single elements cannot provide for the optimum antenna HPBW. Single
element provides only one HPBW value. Thus, the mentioned above introduce that
single element system is not selected.

-Multiple antenna switched-beam system

Multiple switched-beam antenna system equipped with multiple antenna
element. The separating of feeding points introducing that each antenna element can
produce the antenna HPBW value corresponding to the proposed system. However,
this system requires radio frequency switch for the process of beam selection
mechanism. The radio frequency switch can operate the switching process from port
one to port four. Radio frequency switch changes the position in each input port. The
radio frequency switch to port one then the receiving signal strength are measured.
Also, the comparing process is occurred after radio switch changing to port four. The
maximum signal strength has been chosen for the data transmission. The new process
of switched-beam system is started again from port one to port four. This mechanism
provides a maximum signal strength for vehicular communication. Thus, multiple
switched-beam antenna system has been chosen for the performance of vehicular
communication determination. The comparison of these systems s presented in Table

3.2
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Table3.2 The comparison of multiple switched-beam antenna and single switched-

beam antenna.

Comparison Topics

Multiple antenna

switched beam system

Single antenna switched

beam system

Feeding points Separating in each beams | Using RF-MEM for the
changing viaradio beam steering, complex
frequency switch. and difficult adjustment.

Budget Require alow budget High value such as RF-
MEM technology.
Complexity Low complexity High complexity and

difficult for the

installation.

Signal Processing

Fast, Processing datain a

small period.

The ability of signal
processing depends on the

radio frequency switched.

Antenna HPBW

Adjustment available

Adjustment available but

difficult.

The comparison table introduces the attractiveness of multiple antenna

switched-beam system. The multiple antenna switched-beam system can operate the

HPBW according to the proposed system.
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3.5 Optimization Methods

The objective of the proposed system is the determination of optimum antenna
HPBW. Also, optimization techniques are significant tool for optimum antenna
HPBW observation. Another important topic is the categorizing of objective function.
The correct type of the objective function introduces for a proper optimization
method. As aresult, the optimum antenna HPBW can be determined. In addition, an
important issue is the categorizing of problem constraint. Focusing on the objective
function, the objective function is categorized into constrained nonlinear multi-
variable function. The proposed objective function included with multi-variable
presenting in the input antenna HPBW values inside the antenna gain function.
However, the summation of the input antenna HPBW values cannot be exceeded 360
degree. Thus, the related optimization techniques are explained in this chapter. The
objective function is separated into linear and non-linear paradigm. Moreover, linear
objective function is separated into single variable and multi-variable. Next, the
constraint is categorized into equality and inequality constraint. Also, the related
optimization theory is described.

The proposed objective function express as non-linear multi-variable equality
constraint optimization problem. Also, the related optimization methods are presented
asfollows;

-Sequential Quadratic Programming: SQP

SQP algorithm has been chosen. Because SQP method is proper for the
objective function which presents in quadratic form. SQP is constructed for the

solution of non-linear constraint optimization
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max f(X) (3.7)

subject to: ¢(x)=0 (3.8)

SQP method is a nonlinear programming method. SQP is implemented by
Schittkowski. The approximation of SQP method is made of the Hessian of the
Lagrangian function using a quasi-Newton updating method. SQP subproblem is
constructed. The solution is used to form a search direction for a line search
procedure. In the initial state, the formulation of a SQP subproblem is constructed

with a quadratic approximation of the Lagrangian function.
L(x1)=f()+> 1, g(x (3.9)
i=1
Quadratic Programming (QP) Subproblem

min%dTde +VE(x)'d (3.10)

deR"

Vg (%) d+g(x)=01.,m (3.12)
Then, the solutions are transfered to form anew iteration.
xk + 1 = xk + akdk (3.12)

ak is introduced for step length. akis gathered by line search procedure.

Matrix H, is the approximation of the Hessian matrix of the Lagrangian function.

H, is updated by quasi-Newton methods. SQP provides a fast and high reliability of



the solution determination. Also, this work selected SQP for the determination of

optimum antenna HPBW.

3.6 Chapter Summary

Intelligent transportation system is the technology increasing road safety and
reducing traffic congestion. ITS uses the benefits of dedicated short range
communication for data dissemination in vehicular networks. ITSDSRC consists of
three major zone for standard categorization: North America, Japan and Europe. In
the famous cases of vehicular communication, IEEE802.11p has been selected. The
data dissemination in ITS/DSRC is separated into two schemes: V2V and V2I. This
work introduces the enhancement of the communication link in V2V scheme. The
antenna technology is presented. Smart antenna in switched-beam antenna system
provides the requirements of the proposed system. In addition, antenna HPBW is
more important topic. Antenna HPBW indicates the capability of the antenna. There
have never been presented the study of optimum antenna HPBW. Thus, the related
optimization methods are presented. The objective function of the proposed system
categorized into multi-variable and equality constraints. Also, the SQP optimization
has been selected. The applying of appropriate optimization method can solve the
objective function and producing the optimum antenna HPBW values. Finaly, the
optimum antenna HPBW values can bring to V2V communication performance

evaluation.



CHAPTER IV

PROBLEM FORMULATION AND PROPOSED SYSTEM

4.1 Introduction

This section introduces details of problem formulation. The problem
formulation focuses on explanation of related parameters relating to Friis transmission
equation such as antenna gain, transmission power and operating frequency. Applying
antenna technology in V2V communication is presented. An antenna gain function is
introduced which is consisted of the most important parameters presenting in antenna
HPBW values. The varying of input antenna HPBW values is affected to the variation
of average antenna gain. The average antenna gain is computed from O degree to 360
degree. Focusing on the other significant parameters, the vehicle position probability
is gathered from the installation of sensor on the road. Vehicle positions probability
introduce the probability of vehicles locating in each positions on road. Also, the road
infrastructure such as number of lanes, vehicle position and number of counted
vehicles passing the sensor are shown. Then, average antenna gain is calculated.
Also, the average antenna gain is sent to the performance evauation. Friis
transmission equation is introduced for the determination of received power. The
computation of received power is described in this section. Moreover, the received
power is sent to the average SNR determination which is included with average noise
power at the consideration location. Finally, the problem formulation is introduced.

Then, the expected performance metrics evaluation are explained.
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4.2 Problem formulation

According to the drawbacks of an antenna having omni-directional pattern as
mentioned, the directional antenna as well as switched-beam antenna have been
introduced to V2V communication systems so far. However, this still leaves some
limitations as the HPBW is not designed suitably to take care of the probability of
vehicle positions, road width and distance between vehicles. As aresult, the chance of
worse communication link decreases V2V reliability. Thus, the reasons mentioned so
far encourages the approach of optimum HPBW determination for increment of V2V
system reliability. Z. Zhang (2008) and F. Liu (2010) have motivated an
investigation of HPBW for vehicular communication with smart antenna technology
to achieve more quality V2V link. A narrower HPBW introduces more unstable
communication link due to a smaller coverage area, even the communication range
increases. The switched-beam system provides a maximum RSSI which is selected
from the best beam. However, in literatures the authors do not address any proper
HPBW for vehicular communication system. In this light, this dissertation proposed
the issue of optimum HPBW determination. The consideration of optimum HPBW is
separated into two major parts. First, average antenna gain is considered. O. Klemp
(2010) and K. Xu (2010) have introduced the determination of average gain using
antenna gain function and the probability density function of vehicle positions on the
road according to the mentioning of V.L. Knoop (2012). Thus, communication link
quality is improved using optimum HPBW. Then, this work proposes switched-beam
system with the optimum HPBW determination. Also, the proposed system
formulation comparing with the conventional system are presented. However, the

comparison of two different systems are based on the same transmission power for an
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impartiality comparison. Thus, the gain comparator factor are investigated for
adjusting the antenna gain function of the two cases in afairness comparison. K. Mase
(2008) has shown that the antenna gain function depends on main beam directions.
The main beam directions are related to the antenna HPBW. Focusing on the
performance metrics of V2V communication system, J. Harri (2013) has presented
that the Effective Communication Range (ECR) or R, is configured according to
BER threshold and PDR threshold related to IEEE802.11p standard. According to
this, when vehicle is traveling inside communication area, this vehicle guarantees for

getting a high link reliability. Moreover, R, can be related to time to collision or
T 8 shown in (4.1) and (4.2). The safety range R is related to the speed of the

vehicle (d ).Note that it can only be used in a road with asphalt material. In addition,
R, indicates the distance for the driver preparation to control vehicle into a bad

situation on the road. Moreover, the relationship between the proposed system and

time to collision or safety time T, is presented in (4.2). According to this, antenna

e

technology is related with V2V applications in terms of effective communication

rangeR,. . Thus, R, and T, areimportant to V2V applications.

d-3.6)°
Rt = % (4.1)
T&ife = Rsaf(ej_ R (42)

The proposed system including with omni-directional antenna installing at the

transmitting vehicle and the receiving vehicle equipping with switched-beam system
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following with Fig.4.1. Also, the relationship between transmitting and receiving

signalsis presented in (4.3).

y:

hx+n

(4.3)

where yisarecelving signal. h isawireless channel and X isthe transmitting signal.

From (4.3), the average received power can be expressed as shown in (4.4).
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Figure 4.1 Proposed system when applying switched-beam antennas at receiving

vehicles.
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where P presents the average received power including with the multiplication of

transmitting signal power and propagation channel coefficient and the average noise

power level. The channel coefficient is introduced using Friss formula. Then, the

equation in (4.4) is rewritten as (4.5). Let N be the average noise power as |n|2 =N.

Then, the Signal to Noise Ratio (SNR) is calculated using (4.6) and (4.7). However,
there are more obstacles around communication area. The scattering signa and
interference signal from the nearby radio equipment get impact to the receiving
vehicle. According to this, the probability of interference effect at the receiving side
and the effect from the obstacles are increased. This is because the receiving vehicle
can receive signals from all directions. Also, the quality of V2V communication link
is decreased. Thus, V2V communication link needs for improving radio link quality.
As aresult, high performance link provides a high reliability data exchanging between
vehicles. Focusing on the structure of the proposed system, Fig.4.1 presents the angle
parameters P (f,,f,) .Assuming N(f,.f,)=N;Vv(f,.f,)and SNR=g(f,.f,), then the
average signal to noise ratio depends on the average antenna gain according to vehicle

position probability and angle spread between beams as expressed in (4.6) and (4.7).

o= %%} (48)

011G -12|— 1
max BW.

G, (f)=g,x10 (4.9)
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P
LI 4.10
Pi= (4.10)
Af = 2-arctan(vl;/rj (4.11)

Where;

w isroad width

D distance between vehicle

o] is the antenna gain comparator

f isthe angle of incoming received signa

BW istheinput antenna HPBW
Before average SNR determination according to (4.8), another important issue is the
calculation of average antenna gain. Moreover, the antenna gain function G (f )is
significant for the determination of average antenna gain too. The average antenna

gain is included with the relationship of man beam directions and the antenna

HPBW. The relationship of antenna HPBW and main beam directions are presented

in (4.9), where (f MB, —%) <f < (f VB +¥j .However, another important issue is

a comparison of transmission power between a conventiona systems and a proposed
system. The comparison realized on equal transmission power. Then, the adjustment

factor is computed by gain comparator parameter (g;) which will adjust the

transmission power equally to an antenna having omnidirectional radiation pattern.
In addition, another important parameter is the vehicle position probability. As
mentioned in a previous section, the vehicle position probability indicates the density

of avehiclesin a consideration area on the road. The appropriate antenna HPBW and
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the main beam direction concentrate to a correct vehicle position introducing for the
increment of recelved signal level. Asaresult, the reliability of the proposed systemis
improved. Next, the probability density function is expressed in (4.10) which includes
the vehicle position probability (R,) and the angle spread between beams (Af ).
Focusing on the angle spread between beams, this factor is indicated for the road
width (W) and the distance between vehicle (D). Angle spread between beams
present in (4.11). Also, the mentioned parameters are used to categorizing the road
environments. Focusing on the antenna gain function, the antenna gain function
includes with antenna HPBW (BW), main beam directions (MB ). The average
antenna gain is firstly introduced with Friis transmission equation which is expressed
in (47). G(f,.f,) and G, (f,,f,)are the antenna gain function at transmitter and

receiver antenna. The proposed system investigated at the receiving side. Also, the
— 1=

determination of average antenna gain as the follow G, :2—'[Gi (f)p (f)df is
P9

changed to (4.12).

Transmitter

t
Receiver
Moving
Direction

e A /

f =f —p

Figure 4.2 The structure and relationship between f , and f,
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_ 2p
G, == | G,(t,)p.( ), (4.12)
2 5

An antenna having omni-directional radiation pattern is installed at transmitting
vehicle. Then, DSRC safety message is transmitted to receiving vehicle in a
communication area. Focusing on the proposed system, switched-beam antenna
system is instaled at receiving vehicle. Switched beam system receive DSRC safety
message via the benefits of smart antenna technology. As aresult, RSSI improvement
is the expectation of the proposed system. Moreover, the distance between two
vehicles is presented in terms of R.The related parameters are described as the
following. Let PR(f,f,)=PR,G(, .f,)=G((f,) ad G, f,)=G(f,). The
relationship of f, and f,is presented as the followingf, =f, —p . The relationship as

mentioned earlier presented in Fig.4.2. Transmitting and receiving vehicle movein a

forward directions. Also, Friss transmission equation in (4.5) isrewritten in (4.13).

— (1 Y=
F’,(fr,ft)ZFi(fr)ZF?Gt(ft)Gr(fr)(mj I (4.13)
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Focusing on noise power presenting in N, noise power is gathered from the
measurement. The measurement value is collected five times per points. Then,
average noise power is collected. In addition, performance metrics are determined.
Vehicles traveling in a communication area maintain a stable link according to BER
and PER threshold. Focusing on IEEE802.11p standard, PDR is configured at 90%.
This value introduces more link reliability. This is because DSRC safety application
requires more communication link reliability. The expression in (4.18) indicates a
result of HPBW adjustment for V2V communication link. Also, the: expression in
(4.19) introduces the relationship between PER and BER, where L refers to packet
size of V2V safety application. H. Alturkostani (2015) introduced that the
relationship between BER and PER relates with packet length. However, PER causes
a wrong decision of the driver when receiving high PER of safety message. A
received DSRC safety message with high PER introduces the increasing of accident
on road. Also, PER and BER are the performance metrics which indicate performance

of vehicular network. Moreover, PER and BER indicate road safety indirectly.

. _
BER, o =§erfc[ %J (4.18)
PER=1-(1- BER)™ (4.19)

4.3 Optimum half power beamwidth deter mination

The optimum HPBW determination process is started with the constraint

function which checks condition of input HPBW values. Summation of antenna
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HPBW value are not exceed 360 degree. Also, average antenna gain and average SNR
are calculated using the proposed objective function. Focusing on the objective
function according to (4.20), the proposed objective function can be categorized into
multivariable optimization and linear equality constrained. D. E. Kirk (2012) and H.
P. Geering (2007) have introduced Jacobian and Lagrange methods. The mentioned
earlier method are proper for single equality constraint. Focusing on the constraint of
the proposed system, the constraint of the proposed system is followed the
requirement of Jacobian and Lagrange method. However, the proposed system
requires a correctness of antenna gain function corresponding to the vehicle position
on road. Thus, selection suitable antenna gain function, vehicle position probability,
and the angle spread between beams are introduced that the mentioning methods from
above are not suitable for the proposed system. Moreover, the difficulty of the
computation presents improper antenna gain function for the optimization problem. P.
Venkatarama (2009) has expressed that suitable method for similar objective function
as the proposed system is SQP method. SQP method is the powerful method for the
determination of the optimum value according to the proposed objective function.
Moreover, SQP method produces low processing time. Also, SQP optimization
method is selected for optimal HPBW determination. To apply SQP method for the
determination of optimum HPBW for V2V communication, the objective function can
be given in (4.20). This function consists of input HPBW values, exact antenna gain

function, and probability density function of vehicle position probability.

f(val,---,me:%W[ﬁj Tape e, (4.20)
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The objective function is illustrated in (4.21). Maximize average SNR is the
objective of the proposed system. Note that, the summation of input antehna HPBW
are not exceed 360 degree according to the constraint in (4.22). Where M presents
number of beam. The solution can be obtained by applying SQP method on the

optimization problem as presented in the following:

Maximize:  f(BW,...,BW,,) (4.21)
M

Subjectto: > BW =2p (4.22)
i=1

The maximum average SNR is the main purpose of the objective function according
to the constraint which is shown in (4.22). The simulation program computes all cases
according to the optimization constraint to guarantee the goal of objective function.
Also, the maximum average SNR indicates the best solution of HPBW values. Then,
the best solution of HPBW producing a maximum average SNR is selected to be the

optimum HPBW. Then, V2V communication link reliability can be computed.

Moreover, the performance evaluations in terms of R and T, corresponding to

IEEE802.11p standard can be determined by (4.19). Improving of V2V

communication link performance in terms of RSS! is the main objective.

4.4 Chapter summary

In summary, related parameters in Friis transmission equation such as antenna
gain, transmission power and the operating frequency are introduced. The
construction of objective function for maximum average SNR determination is

presented. The most significant topic is azimuth antenna gain function. The variation



66

of input antenna HPBW values can affect to the average antenna gain. Then, the
determination of antenna HPBW values producing maximum average SNR is
presented. Maximum average SNR is introduced for the optimum antenna HPBW
values. Also, the proper optimization method is presented. SQP optimization method
is chosen. The correct antenna gain selection and the proper vehicle position
probability are indicated by the capability of SQP optimization method which can
produce the optimum antenna HPBW values. Then, these values are sent to the
performance evaluation which presents the benefits of the proposed method. The

performance metrics are investigated for the proposed system evaluation. BER,

PER,R_, and T are presented the performance of the proposed system. BER and

PER present the reliability of V2V communication link. Also, the improvement of

BER and PER performance is the significant issue for V2V communication.



CHAPTER V

SIMULATION RESULTSAND DISSCUSSION

5.1 Introduction

Conventional V2V communication devices equip with an antenna having omni-
directiona radiation pattern. Then, DSRC safety message is transmitted in al
directions. However, the transmission of DSRC signa in undesired directions
introduces a decreasing of V2V received power level. Asaresult, V2V link quality is
reduced. Then, an antenna having directional pattern is presented. Signal quality
increases when using an antenna having directional radiation pattern. Because an
antenna having directional radiation pattern transmits signal in a certain directions.
However, directiona radiation pattern antenna cannot be used in some applications.
The mentioned drawback is occurred in V2V data dissemination requiring for
simultaneously forward and backward beam communication such as emergency brake
light applications. Thus, smart antenna system is presented in terms of switched-beam
system. Focusing on Friis formula, receiving power is enhanced due to the increasing
of antenna gain at the receiving or transmitting vehicle. Thus, the consideration of
antenna HPBW is significant in V2V communication system. The consideration of
antenna HPBW is separated into two planes. azimuth and elevation. This work
focuses on azimuth antenna HPBW because the adjustment effect from azimuth
planes is more than elevation plane. Thus, the optimum antenna HPBW in azimuth

plane is determined. The antenna HPBW appears inside the antenna gain function.
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The varying of antenna HPBW values produces antenna gain variation. Moreover, the
literatures present the average antenna gain determination. Then, this work determines
average antenna gain which includes the vehicle position probability. The vehicle
position probability is gathered from counter sensors installing in each lanes. Thus,
the average antenna gain has been calculated. Also, the simulation of the proposed
system can present as the following subsection. In addition, the simulation results of
the proposed system is categorized in the following:
Urban
- Four beams switched beam system
- Eight beams switched beam system
Suburban
- Four beams switched beam system

- Eight beams switched beam system

Also, the performance evauation of optimum antenna HPBW for switched beam
antenna system are presented. The simulation results introduce the enhancement of
V2V commination link quality. BER and PER of the proposed system is lower than
the conventiona V2V system which installs an antenna having omni-direction
radiation pattern. Thus, simulation results confirm the success of the proposed system
which increases traffic safety without new road construction. Traffic safety is

increased due to a high reliability communication link.
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Figure 5.1 Theroad structure in urban environments

5.2 Related Topics

5.2.1 A distance between vehicles.

The simulation results are initiated with problem formulation. In the first,
the road structure such as road width, distance between vehicles are described. These
parameters relate to the separation of road environment types. Khun C. Lan (2012)
has presented that a distance between vehicles in urban area is equal 3 meters.

Because the traffic inside urban area appears as the vehicles closing to each other.

Figure 5.2 Theroad structure in suburban environments
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In addition, a distance between vehicles of suburban area is equa to 10 meters.
Because vehicles travel with high speed. Then, travelling closely to forward vehicles
introduce a vehicle collision. Then, a distance between vehicles in suburban road is
more than urban environments. Traffic congestion is indicated by a distance between
vehicles. Also, urban and suburban structure present in Fig 5.1 and Fig 5.2
respectively.
5.2.2 Vehicleposition probability

Another significant parameter is vehicle position probability. The
information of vehicle position probability is gathered from the installation of
vehicles counter sensor in each lanes. V.L. Knoop (2012) has presented that the
amount of vehicles on the road can be counted. The amount of vehiclesis presented in
Fig. 5.3. The total vehicles amount is equal 22,505. Also, the amount of forward and
backward vehicles appear more than other points. In addition, the vehicle position
probability can be calculated using (5.1). Focusing on the road structure
consideration, the center vehicle is configured as the observation point. As mentioned,
the road environments are separated in to two areas urban and suburban. Also, the
vehicle position probability are different between urban and suburban. The vehicle
position probability is expressed in Table 5.1 the vehicle position probability of urban
environment is equal every points. This is because the traffic jams inside the urban
road. Also, the distance between vehicles is lower than suburban area Then, the
vehicle position probability is equally for every points. Focusing on suburban road,
the vehicles position are different. This is because the distance between vehicles is

more than urban environment. Then, the vehicle position probability is not the same
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as urban road. Table 5.2 introduces for the vehicle position probability of suburban

road environment.

pH=

Where;

Prp
Py

Prr

Pur

MR

Ppr

P ey

P pr

Af

AprLTL f TLlSAf <f TL2
Z?:M Frn=AT <
AprI:R o SAf < )
AP:‘VI:L T o =AT Sty
;\4:'; F o SAT S o
Apfli T <AT 5L =FE
ij; f BM1 <AT L o oD
AprR f BngAf <f BR2

Vehicle position probability in lane 1 at the left

Vehicle position probability in lane 1 at the center

Vehicle position probability in lane 1 at the right

Vehicle position probability in lane 2 at the left
Vehicle position probability in lane 2 at the right
Vehicle position probability in lane 3 at the left
Vehicle position probability in lane 3 at the center
Vehicle position probability in lane 3 at the right

Angle spread between beams
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Table 5.1 Vehicle position probability of urban environment

Vehicle position

Vehicle position probability

Py 0.125
Pras 0.125
Pre 0.125
P 0.125
P ik 0.125
Py 0.125
P pus 0.125
P gr 0.125

Table 5.2 Vehicle position probability of suburban environment

Vehicle position

Vehicle position probability

Py 0.011
Pray 0.004
Prp 0.01
Py 0.97
PR 0.96
Py 0.0084
Py 0.004
Ppr 0.013

3m.

Figure 5.5 Angle spread between beam determinations for urban road environment
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Figure5.6 Angle spread between beam determinations for suburban road

environment

Note that, distance between vehiclesisthe average value from vehicle
position on road. Moreover, problem formulation including with road width is
designed under department of Thailand highway standard. Department of Thailand
highway designed road width in 3.5 m.

5.2.3 Angle Spread Between beams
Angle spread between beams presents the angle spread in each beam. The

determination of angle spread between beams is gathered by the road width and the

D

v

Af =2tan” [0.5 (W)j (5.2

distance between vehicles. The determination of angle spread between beams
expressed in (5.2). The distance between vehicles introduces for the difference

between urban and suburban areas. Thus, the system evaluation uses different value of

Af . The difference between urban and suburban road present in Fig.5.5 and Fig. 5.6.

A wrong selection of Af introduces the reduction of RSSI at the receivi ng vehicle.
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Also, Table 5.3 presents the value of Af . Then, the Vehicle Position Probability

Boundary (VPPB) is introduced. VPPB is constructed for creating beam boundary.
VPPB is constant value but depending on the road width and distance between
vehicles. Next, Beamwidth Boundary (BBound) is introduced. BBound depends on
the input antenna HPBW. The simulation program flowchart is presented in Fig.5.7.
In addition, the vehicle position probability can be calculated using (5.1). VPPB of the
both road environments is different due to the distance between vehicles. Also, the
related parameters are sent into the optimization process. The optimization process is
solved by SQP optimization method. The simulation program parameters are
configured as IEEE802.11p (WAVE-DSRC) standard. However, distance between
vehicles are the deputies of amost vehicles locating on road. Then, the optimum
antenna HPBW s occurred in urban area at 3 m. and 10 m. for suburban area. In
addition, due to a fast variation of vehicle moving in V2V communication then the
proposed system can be used according to the following reasons:

1. Average distance between vehicles is gathered from a deputies of the
vehicles locating on road in urban and suburban area. The proposed system is
designed according to the majority distance between vehicles. Thus, optimum HPBW
can use when vehicles moving in a communication area.

2. Vehicle speed in urban and suburban area is change lower than
highway. Then, the variation of vehicle speed impact V2V communication link lower
than highway scenarios. Thus, the optimum HPBW can use in urban and suburban
area when vehicle moving in communication area according to average distance

between vehicles.
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Table 5.3 Angle Spread between Beams (Af ) for Urban scenario

Position

Af (degree)

1

60.5

29.5

60.5

29.5

60.5

295

60.5

295

60.5

Table 5.4 Angle Spread between Beams (Af ) for Suburban scenario

Position

Af (degree)

1

20

20

120

20

20

20

120

20

20
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5.2.4 Simulation Flow Chart

The simulation flow charts and every process of the simulation program
are presented. The avSNR function is the main role of the simulation program.
Several parameters are described in this section. Angle spread between beams, vehicle
position probability, and main beam direction depend on the input antenna HPBW.
Based on this idea, the changing of road infrastructure and number of antenna beams
can determine the optimum HPBW. The main task of avSNR function is the
calculation of maximum average SNR which is produced by the optimum antenna
HPBW values. Input antenna HPBW values are pushed to avSNR function. Then, a
suitable antenna gain function corresponding to the vehicle positions on road is
chosen. Then, antenna gain function is created. Also, a vehicle position probability,
angle spread between beams are selected. The upper boundary and lower boundary
are presented using VPPB and BBound parameters for a beam selection decision.
Next, intersection boundary (1SB) is presented to avoid beam selection ambiguity.
Finally, average antenna gain and average SNR are calculated. The overall ssimulation
flow charts are presented in Fig. 5.7 and Fig. 5.8.

5.2.5 SQP optimization

This work uses SQP optimization from Matlab optimization toolbox.
Chapter V presented the proposed optimization problem categorizing in multivariable
optimization with linear equality constraint. The literatures introduced that SQP
optimization method is suitable for the proposed optimization problem.

SQP optimization method is a nonlinear programming presenting in fmincon
optimization. The fmincon is the optimization tool which is presented by Matlab

simulation program. The fmincon optimization method produces a minimum value.
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However, a maximum vaue can determine by multiplying the output values with
minus one according to optimality property. Also, the maximum value is appeared.
The purpose of this method is determined a constraint multivariable function.
Focusing on the proposed objective function, input antenna HPBW values are sent to
the objective function. There are four input HPBW variables sending to the objective
function. The input antenna HPBW values are referred to multivariable optimization.
The multivariable input antenna HPBW s restricted by the optimization constraint.
The input antenna HPBW is not exceed 360 degree. Focusing on the components of

fmincon optimization method, the format of fmincon function is presented in (5.3).

x = fmincon( fun, X0, A, b, Aeq, beq) (5.3)

x =fmincon( fun,[0,0,0,0],[],[1,[111,1],[360]) (5.4)

The explanation inside fmincon are described as the following;
fun presents the objective function.
X0 presentstheinitia value.
A presents the equality constraint. Setting A=[ ] when using equality constraint.
b presentsthe equality constraint. Setting b=[ ] when using equality constraint.
Aeq presents the relationship of the constraint.
beg presents the relationship of the constraint.
Focusing on the proposed objective function and constraint, applying of
fmincon function with the proposed system is presented in (5.4). Moreover,

simulation process is separated into two main part: avSNR function and beam input
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function. Firstly, beam input function generated the input HPBW values sending to
avSNR function. Note that, input HPBW value correspond to the constraint of the
optimization process. Total input HPBW does not exceed 360 degree. However, the
output of fmincon function produces the minimum value of the objective function.
Then, to determine the maximum value fmincon is multiplied by -1. As a result, the
minimum value changes to maximum vaue. Also, the maximum SNR has been

determined.

5.3 Simulation Results

This section presents related results of optimum antenna HPBW determination.
Firstly, the comparison between conventional V2V antenna and an antenna having
directiona radiation pattern have been investigated. Then, comparison of switched
beam system and conventional system is introduced. Next, simulation results of each
road environments are described. The simulation results of the optimum antenna
HPBW radiation pattern is separated into two main schemes. urban and suburban
scenarios. Four beams and eight beams switched beam system are observed except six
beam dye to a same performance with four beam according to Fig.5.11. The
simulation results present average SNR, average antenna gain. Finaly, the maximum

average SNR are calculated according to the optimum antenna HPBW values.
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270

Figure 5.9 The radiation pattern of an antenna having omni-directiona pattern

Figure 5.10 The radiation pattern of directiona antenna

5.3.1. Omni-directional pattern versusdirectional pattern
The radiation pattern is presented in Fig. 5.9 introducing the pattern of

omni-directional antenna. Omni-directional antenna is a famous antenna in V2V
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market. The power equally radiated in all directions. Thus, vehicles locating in
communication area can receive DSRC safety messages. However, signa
transmission over 360 degrees produces signal power losing in undesired directions.
However, the benefits of an antenna having omni-directional radiation pattern
introduce for safety applications that require for signal transmission for vehicles on
road. In contrast, transmitter vehicle cannot transmit and receive the safety message in
a certain directions. Also, an antenna having directional radiation pattern has been
introduced for the solution. The radiation pattern is presented in Fig 5.10. An antenna
having directional radiation pattern concentrates main beam to desired direction. As a
result, signa power losing in undesired directions is decreased. Then, receiving
vehicle can receive signal power more than the conventional V2V system. However,
directiona antenna cannot be used in some applications. Also, smart antenna
technology isintroduced for the solution.
5.3.2 Conventional system versusthe proposed system

The comparison of conventional V2V and proposed system are
introduced in Fig. 5.11. The signa power in increase more than an antenna having
omni-directional pattern. The benefits of smart antenna can increase received signa
power level at receiving vehicle. The increasing of received power introduces
communication link enhancement. Consequently, other performance metrics are
improved when using smart antenna technique. Note that, the consideration of
antenna HPBW is interested in azimuth plane. The effect of azimuth antenna HPBW
is more than elevation plane. Then, the reasons introduce the inspiration of azimuth

antenna HPBW determination.
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Figure 5.11 The comparison of omni-directional antenna and switched beam antenna

radiation pattern.

The simulation results present benefit of switched beam antenna system. Also,
investigation of communication link performance is interested. Next, simulation
results of the proposed system comparing with conventional system are presented.
Simulation results indicate the enhancement of switched beam antenna system with
optimum antenna HPBW increasing V2V communication link performance. The
maximum SNR is gathered by the appropriate antenna HPBW values. Then, V2V
communication link reliability and quality are improved.

5.3.3 Simulation results of urban scenario
The simulation process of optimum HPBW determination in urban
road is separated into four and eight beams. The input antenna HPBW values are
generated for al possible cases according to the optimization constraints. The
difference between urban and suburban roads are the vehicle position probability.
Moreover, distance between vehicles are different. The objective of the optimization

process is determination of maximum SNR which is generated by the optimum
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antenna HPBW. The optimum antenna HPBW has been plotted in terms of antenna
radiation pattern. The simulation process consider for a fair comparison between
conventional system and the proposed system. Then, the antenna gain comparator is
constructed. The adjustment of antenna gain between two main systems is done by
antenna gain comparator. Also, a fair comparison is occurred. The proposed
simulation introduces four and eight beam system. The author simulated the number
of beams in many cases from 3 to 8 beams. Finadly, the solution of the optimum
HPBW 6 beams is equal to 4 beams. Thus, 4 beam system is selected for the
determination of optimum antenna HPBW.

Finally, the optimum antenna HPBW value is fed into the radiation pattern
construction and the performance evauation which is presented in Chapter VI. The
simulation results present as follows:

5.3.3.1 Four beam system

The simulation process configures parameters following
IEEE802.11p (WAVE-DSRC). Channel 172 has been selected. The vehicle position
probability is equally for every position. Because distance between vehicles in urban
arearoad is smallest. Then, the vehicles locate nearby other vehicles. Also, the input
antenna HPBW value fed into Beaminput. Then, the fmincon optimization function is
used. The fmincon requests for avSNR function. Focusing on avSNR, this function is
multivariable optimization problem. The purpose of the objective function is the
determination of maximum SNR. Focusing on a constraint, a constraint of the
optimization problem is equality constraint. Next, simulation program receives the
input antenna HPBW values and calculating SNR for al cases correspond to the

optimization constraints. Finally, the finishing point is simulation process determining
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for the maximum SNR. Also, the optimum HPBW is gathered from the mentioned.
Four beam radiation pattern is presented in Fig 5.12. The optimum HPBW vaue is
shown in Table 5.5. The average antenna gain is 3.6703 dB. The maximum SNR is
68.9710 dB. Also, the optimum antenna HPBW introduces the enhancement of V2V

communication link performance.

Table 5.5 The optimum antenna HPBW for Four beams urban system.

Optimum
HPBW A B C D
Urban 113 67 113 67

Figure 5.12 The radiation pattern of optimum HPBW for four beam urban system
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Figure 5.13 The radiation pattern of optimum HPBW for eight beam urban system

Table 5.6 The optimum antenna HPBW for eight beam system.

Optimum
HPBW A B C D E F G H
Urban 20 20 20 60 140 60 20 20

5.3.3.2 Eight beam system
The ssimulation process is the same with four beam system. However,
the input antenna HPBW values are different. Eight beam input feed into Beaminput
function and avSNR function. The determination of maximum SNR presents the
optimum antenna HPBW. Simulation result is presented in Fig. 5.13 which are
indicated the eight beam optimization HPBW value. Table 5.6 presents the optimum

antenna HPBW values. The average antennagain is 9.3313 dB. The maximum SNR is
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64.3099dB. Also, the optimum antenna HPBW introduces the enhancement of V2V

communication link performance.

5.3.4 Simulation results of suburban scenario

The simulation process of suburban scenarios is introduced. The
difference between urban and suburban are vehicle position and distance between
vehicles. Distance between vehicles is equal 10 meters. Vehicle position probability
does not equa in every position. Vehicle position probability of backward and
forward beam are highest. Because vehicles travelling in front and back of
observation vehicle are more than the side vehicles. Then, determination of the

optimum antenna HPBW for suburban scenarios is started.

5.3.4.1 Four beam system

The simulation results indicate forward beam concentrating in
forward directions. Forward beam communicates with a forward vehicle. Narrow
HPBW introduces a long communication range. Thus, forward vehicle and backward
vehicle can communicate with a long communication range. Focusing on backward
beam, wide HPBW produces a high coverage area. As a result, the chance of
detecting incoming signal is increased due to a high coverage area. The simulation

results are presented in Table 5.7 and Fig.5.14.
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Figure 5.14 The radiation pattern of optimum HPBW for four beam suburban system

Table 5.7 The optimum antenna HPBW for four beam suburban system.

Optimum
HPBW A B C D
Urban 300 20 20 20

Also, the maximum SNR is 68.4655dB and average antenna gain is 19.2834 dB.

Thus, the optimum antenna HPBW produces a high SNR comparing to the

conventional system. Thus, the performance metrics of the proposed system is

improved.

5.3.4.2 Eight beam system

The simulation results for eight beam suburban scenario are

presented in Fig 5.15 and Table 5.8. The radiation pattern of the optimum antenna

HPBW concentrates to a forward and backward beam. Because vehicle position




0

probability in forward and backward directions are more than another points. Also,
vehicles can communicate with a high SNR and high V2V link quality. The average
antennagain is 70.6812 dB. This is because the average antenna gain depends on the
vehicle position probability. Then, six beam point to forward and backward position
which are introduced for high vehicle locating on this point. Then, the average

antennagain istoo high. Moreover, the maximum SNR is 119.8633dB.

Table 5.8 The optimum antenna HPBW for eight beam suburban system.

Optimum
HPBW A B ¢ D E F G H
Urban 30 30 90 30 30 30 90 30

Figure 5.15 The radiation pattern of optimum HPBW for eight beam suburban system
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5.4 Chapter Summary

This chapter introduces that the conventional switched-beam antenna system
produced a fixed antenna HPBW. When vehicles change their positions, main beam
directions are not proper for a communication link between vehicles. As a result, the
received power level is reduced due to a main beam concentrating to undesired
directions. Then, the system reliability in terms of BER and PER are increased. The
indirect results are affected to the road safety. Thus, the consideration of optimum
antenna HPBW determination for V2V communication is more important. Simulation
results present the success of the proposed system. The average SNR increases. Then,
other performance metrics of V2V link are increased due to the benefits of the
proposed system. Also, applying the proposed system for V2V communication will
enhance the system reliability and communication link quality using smart antenna

with switched beam system.



CHAPTER VI

EXPERIMENTAL SETUP AND RESULTS

6.1 Introduction

The experiments and measurements of the proposed system are introduced in
this chapter. Focusing on real life scenario, applying of the proposed system is
important. The outcome of the proposed system increases road safety indirectly. Thus,
applying of the proposed system in areal life is introduced. Focusing on the optimum
antenna HPBW values, construction of optimum antenna HPBW is done by many
techniques which produce the antenna HPBW corresponding to the optimum antenna
HPBW values. Another method is corner reflector which is concentrated total energy
to a given directions. Then, construction of optimum antenna HPBW is operated by
corner reflector method presenting Balanish (2012). Computation of corner reflector
structures is introduced. In addition, related devices are presented in this section.
DSRC devices using in the experimental setup are chosen by Arada System
Company. Locomate OBU/RSU are introduced for DSRC V2V/V2l applications
which support IEEE802.11p WAVE-DSRC standard. Thus, the proposed switched-
beam with optimum HPBW can be prepared using Locomate OBU and radio
frequency switches. Beam switching system is made by Mini-circuits RF-Switch.
Then, the mentioned devices are installed in vehicle. However, the limitation of eight
beam system introduced the difficulty of system design and construction. The

complexity of eight beam is too high. Thus, this work presents four-beam switched-
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beam system with optimum HPBW using Locomate OBU in urban road scenarios.
The measurement results present the improvement of the communication link
reliability. The measurement results confirm that the proposed system can improve

DSRC V2V communication link performance.

6.2 Corne Reflector

After getting optimum HPBW values, another problem is the determination of
antenna techniques which provide the antenna HPBW corresponding to the optimum
HPBW values. Literature reviews introduce corner reflector for beam shaping
method. The benefits of corner reflector are as the following:

A. Corner reflector aggregates the energy pointing to a certain directions.

B. Corner reflector isasimple construction method comparing with each other.

C. Corner reflector iswidely used at the receiving side.

The dimension of a corner reflector isintroduced in (6.1)-(6.3).

P izl (6.2)
| =~ 2s (6.2)
| 2l

—<s<— 6.3
3 3 (6.3)

Also, the method for antenna energy aggregation using corner reflector technique is
presented. An important issue is dimension of corner reflector according to the
specification of the proposed system. The operating channel is channel 172. Data
dissemination of V2V message is the main task of channel 172. The operating

frequency band of channel 172 is 5.860 GHz band. Then, the material selection for
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corner reflector is presented. The proposed system selected three material. Alumina
with 99.6%, 96% of dielectric constant and PEC (Perfect Electric Conductor) have
been explored. Moreover, simulation of material selection is introduced. Focusing on
Table 6.1, the optimum antenna HPBW is 67 degree. Thus, the material producing the
antenna HPBW closely to the optimum antenna HPBW has been selected. The

simulation result presents in Fig. 6.1. The x-axis presents the variation of corner

reflector angle (£ ). The variation of antenna HPBW produces by the proposed
materials which presented in y-axis. Also, aumina with 99.6% of dielectric constant
produces 67.2 degree of antenna HPBW. This antenna HPBW value is closely to the
optimum antenna HPBW. Also, Alumina with 96% of dielectric constant has been
chosen for the creation of corner reflector plate. Another significant issue is the
dimension of the corner reflector. The dimension of the corner reflector is presented

in Table 6.2.

Table 6.1 The comparison of corner reflector angle (£ ) when varying feed to vertex

distance (s=0.55l )

Materials Types Antenna HPBW (Degree)
=0 =30 =45 =60 =90 «i=180
Alumina 99.6% 83.3 90.4 704 65.5 65.7 110.5
Alumina 96% 83.3 87.9 67.5 67.2 68.2 108.1
PEC 83.3 39.5 43.7 57.1 62.3 107.3




95

200

) and the antenna HPBW

120

100
Angle (Degree)

80

T
2'0
|
"\\
12
;k
M? !
T
[
ﬁ 1

element

Feed

7X73(;
Y:90.4
X: 30‘
Y:87.9
X:30
Y: 39
40
Figure 6.1 The comparison of corner reflector angle (
-
3
/ ’.
/Q
D,

120

100~~~ ~~
80\ """~
60"~~~ "\
a0r-----°
20~~~ 7-
0

(9v1650) MadH

Figure 6.2 The dimension of the corner reflector.
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Table 6.2 The dimension of corner reflector.

Parameters Values
Size of aperture 5.12(cm) < D, <10.24(cm.)
Length | ~4-6(cm)
Height h=20(cm)

The illustration of the proposed corner reflector is presented in Fig 6.2 Also, the

construction of corner reflector for four switched-beam system is introduced.
Aluminum plate according to corner reflector dimension are applied in each antenna.
Next, the radiation pattern measurement after applying corner reflector technique to
the conventional system is presented. The radiation pattern measurement of the
proposed system similar to the simulation result. Also, corner reflector confirms the

applying of corner reflector technique for beam shaping method.

Figure 6.3 The prototype of a proposed corner reflector
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6.3 DSRC V2V Devices

Focusing the DSRC device in the market, there are a few of DSRC
manufacturers in the market. The vendors do not provide more information due to the
secret of commercial products. As aresult, the users cannot know a deep information
about DSRC devices. Also. The above reasons introduces for the difficulty of DSRC
device configuration. Thus, the determination of proper DSRC devices is the
important issue. This work presents the comparison of DSRC devices in the market.
Frequency band, Operating system and specifications of DSRC devices in the market
are investigated. The specifications of DSRC devices are presented in Table 6.3. The
requirement of DSRC devices is devices working under IEEE802.11p standard. The
devices are operated on Linux operating system. The device is controlled by the

engineer. The radio engineer can configure and change their parameters.

Figure 6.4 Mini-Circuits USB-RF switch (USB-1SPAT-A18)

Figure 6.5 Locomate OBUs (DSRC devices)
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Moreover, devices can configuration as OBU installing on the dashboard of a
vehicles. Arada devices are selected for experimental setup. More details of DSRC
devices and costs are presented. Arada Locomate OBU is presented in Fig. 6.5. Arada
system manufacturer is well known in the market. All of DSRC devices are based on

requirements of small, simplest and effective experimental setup.

6.4 Beam Switching System using RF Switch

Beam switching mechanism is provided by USB-RF switch device which is
introduced in Fig.6.4. The connection between USB-RF switches and Arada

Locomate devices are connected by RG-316 cable. Focusing on USB-RF switches,
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the RF-switches can provide four input ports and one output port. Radio engineer
controls USB-RF switches via persona computer for beam selection mechanism.
Firstly, radio engineer adjusts the sequence of USB-RF switches. The switching
interval is configured via personal computer. In addition, the input signal information
transmitting pass to the output port and delivering to Arada Locomate OBU. Next, the
RSSI of the each beam is collected. Finally, maximum RSS! is determined. Then,
maximum RSS| has been selected for DSRC V2V data dissemination. Due to the
limitation of DSRC devices that provide a closed-source code application then the
configuration of switched beam system can be applied into semi-autonomous beam
switching. The semi-automatic beam switching system is presented in Fig.6.6. Corner
reflector plates integrated with the monopole antennas. The corner reflector is located
on Acrylic plate. Then, the connection between switched-beam antenna system and
USB-RF switch are made by RG316 cables. USB-RF switch connects with the
personal computer. The personal computer controls beam switching mechanism. In
the first time, personal computer orders USB-RF switch for port selections process.
Next, ports selection are occurred. The measurement of RSSI value is occurred when
input port and output port are connected. Then, second personal computer requests

RSSI value from Arada Locomate OBU. The same process completely occurs at port

Table 6.3 The comparison of DSRC devices from the manufacturers in the market

No. Vendors Frequency Std. support GPS oS SDK
1 Arada 5.9 GHz |EEE 802.11 Yes Linux | Yes
Locomate alb/g/n, IEEE Andriod
OBU, RSU 802.11p, IEEE
Locomate 1609.3, IEEE
ME 1609.4
2 NEC 5725MHz(14 | mini-PCI 8 Yes Linux | NEC C2X-
5CH) 02.11a/blg/p. SDK
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No. Vendors Frequency Std. support GPS (O SDK
5925MHz(18 | 802.11p
5CH) D3.0, 22 dBm
maximum
transmit power
3 | Savari 24-59GHz | IEEE 802.11 Yes Linux | librariesand
Mobiwave alb/g/n, IEEE header files
(ASD) 802.11p, IEEE for
1609.3, IEEE WAVE, IP,
1609.4 Web, GPS,
Bluetooth,
4 | Cohda USA: 5850 |IEEE 802.11p Yes Linux -
Wireless MHz-5925 | RF/PHY/MAC
MK2 MHz
WAVE- Europe: 5875
DSRC MHz - 5905
Radio MHz
5 | Unex USA: 5850 |EEE 802.11p, Yes Linux | SAE J2735
MHz-5925 | IEEE compliance
MHz 1609.3, IEEE SDK
1609.4

number four. Also, the beam selection is process chosen the beam which produced

maximum RSSI for V2V data dissemination.

6.5 Radiation Pattern M easurement of the Proposed System

The previous section introduced the devices and system configuration. This

section introduces the measurement of the radiation pattern measurement of the
conventional devices and the proposed devices. This work focuses on azimuth
antenna HPBW or H-plane. Then, the elevation plane radiation pattern is not
determined. In the first, the radiation pattern measurement of conventiona V2V
antenna is presented. The experimental setup follows IEEE802.11p standard. The
operating frequency is 5.86 GHz channel 172 which provides a communication in
V2V applications. The radiation pattern measurement is measured in Anechoic

chamber room at Wireless communication research and Laboratory, F4 buildings,
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Nakornratchasima, Thailand. Focusing on the radiation pattern measurement, the
conventional antenna is measured to confirm the capability of the antenna
corresponding with the datasheet. Thus, the azimuth antenna HPBW is presented in
Fig. 6.7. The AUT antenna is steered over 360 degree. S21 scattering parameters are

collected in each steering angles.

Figure 6.7 H-Plane Radiation pattern measurement

H-Plane Awreage

[N 0

a) Antenna pattern from datasheet b) Antenna pattern from measurement

Figure 6.8 Azimuth radiation pattern
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Also, comparison of antenna radiation pattern measurement between
information from datasheet and real measurement is presented in Fig 6.8. The
radiation pattern measurement introduces that antenna coming with Arada devices
produces the radiation pattern similarly to the information from datasheet. Omni-
directiona radiation pattern is produced by the conventional V2V antenna. Next, the

radiation pattern of elevation plane measurement is presented.

Vertical

Figure 6.10 Elevation radiation pattern



103

The configuration of E-plane radiation measurement is presented in Fig.6.9.
AUT antenna is steered from O degree to 360 degree with 5 degree step size. S21 is
the measurement value. The results are measured via Vector Network Analyzer. Thus,
S21 are plotted to present the elevation antenna radiation pattern. The elevation
radiation pattern is shown in Fig.6.10. The left side introduces the radiation pattern of
the antenna coming with Arada deivces. The measurement results in the right side
introduces the radiation pattern of Arada devices. Thus, the radiation pattern
measurement of the antenna coming with Arada devices can produce antenna

radiation pattern corresponding to the datasheet.

Figure 6.11 The configuration of the proposed system with optimum antenna HPBW.
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The previous mentioned introduced for the measurement of conventiona antenna
radiation pattern. The measurement results indicate capability of conventional antenna
that produces omni-directional radiation pattern in azimuth plane. Focusing on the
proposed system, the optimum antenna HPBW can be produced by many antenna
techniques which provide antenna HPBW corresponding to the optimum value. The
benefits of corner reflector introduced the applying of corner reflector for the
conventional antenna. Then, the measurement of applying corner reflector with the
dimension according to the optimum antenna HPBW produce the radiation pattern
similarly to the ssimulation results. Then, the signal power level aggregate into the

desired directions.

Figure 6.12 Four beams switched-beam radiation pattern
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Figure 6.13 The experimental setup a) conventional system b) the proposed system
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Figure 6.14 The experimental location



106

Also, four beam switched-beam system are applied due to the capability of
corner reflector and USB-RF switch. The radiation pattern of the proposed system is
presented in Fig 6.12. The optimum antenna HPBW are presented as following: 67,
113, 67 and 113. Next, the proposed system can produce the optimum antenna HPBW
value then the applying into the experiment is more attractive. The next section will

introduce the experimental setup and system configuration.

6.6 Measurement setup, OBU installation and Device Configuration

The measurement setup of the proposed system is explained in this section. First
of al, the measurement setup and system configuration follow IEEE802.11p WAVE-
DSRC standard. The operating frequency is 5.86 GHz in channel 172 for public V2V
communication. Two OBUs from Arada Company are chosen. OBUs are installed
inside transmitting and receiving vehicles. Transmitting vehicle is called Provider.
Receiving vehicle is called User. An antenna having omi-directional radiation pattern
is integrated to the Provider. Then, V2V messages are disseminated in al directions.
Then, User equipping with an antenna having omni-directional radiation pattern can
sometime receive undesired signal. As aresult, V2V communication link performance
is decreased such as low receiving power (RSSI), high BER and PER and other
performances which degrade V2V communication. Also, the result from the user
equipping with an antenna having omni-directional radiation pattern introduces the
attractiveness for V2V communication link enhancement. Thus, four beam switched-
beam system has been proposed for the solution. The proposed system is installed at
the user. Locomate OBU is installed on the roof of receiving vehicle according to

Fig.6.13. The experimental is only measurement in urban area road. Four beam
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switched-beam system is considered due to the limitation of USB-RF switch. The
experimental is occurred at Suranaree Universisty of Technology, Nakornratchasima,
Thailand. Focusing on the measurement parameters, the measurement of RSSI at the
receiving vehicle are measured. The objective of the measurement is the
experimentation of the proposed system which increases V2V communication link
performance and reliability. In the first time, RSSI performance of the proposed
system are measured. The experimental is separated into two scenarios: static and
dynamic situations. The experimental setup configured as two vehicles following in
the same lane according to static scenario. Forward vehicle is configured as receiving
vehicle (User) which is equipped with the proposed system. Backward vehicle is
configured as transmitting vehicle (Provider). V2V message size is configured as 512
bytes. Switched-beam antenna system steers the beam every 100ms from beam B1 to
beam B4. This is because the switches time relates to channel switching time of
DSRC standard. OBU connects with host computer which is hold the maximum
RSSI. As aresult, the receiving vehicle can aso receiving a good signal quality due to
the manner of SWB mechanism. However, when the vehicle moving out of the
communication rage, the communication link between two vehicles discard. Finaly,
the SWB system start for a new process but using the same procedure. RSSI of the
reeving signal have been collected 5 times per position. The results of experiments are

presented in the next section.

6.7 Experimental Results
To confirm the successful of the proposed system then determination of best

beam is investigated. The best beam produces a highest RSSI. The highest RSSI
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introduces for a high quality and high performance of V2V data dissemination.
Focusing on Table 6.4, the best beam is occurred at Beam B1. The communication
scenario is the forward vehicle equipping with switched-beam antenna. Beam B1
directly steers to the transmitting vehicle. Also, Beam B1 can receive for more RSS|
comparing to other beams. The measurement result is present in Fig.6.15. The
measurement result indicates that beam B1 introduces a highest average RSSI. When
the distance between vehicles is increased then average RSS| decreased. However,
beam B1 provides a highest average RSSI until the vehicle going out of the
communication range. Also, when the communication link has been discard, the new

operation of best beam determination is occurred.

Table 6.4 Best beam determination

Average RSS| (dBm)

Distance Oomni Beam Beam Beam Beam
(m.) directional B1 B2 B3 B4
200 -77.3 -73.7 -75.7 -74.9 -75.7
400 -79.3 -75.7 -76.9 -76.8 -76.8
600 -81.3 -77.7 -78.7 -78.7 -78.7
800 -83.3 -78.7 -79.8 -79.6 -79.2
1000 -85.3 -81.7 -85.7 -84.7 -82.7
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Figure 6.16 The comparison of RSSI between conventional system and the

proposed system

Next, comparison of RSSI at the receiving vehicle between conventional system
and the proposed system is presented in Fig.6.16. Switched-beam system with
optimum antenna HPBW provide the highest RSSI comparing to conventional
system. Focusing on the maximum communication range at 1000m., the proposed
system with best beam received highest RSSI about -3.6 dB more than conventional
system. The increasing of RSSI at receiving vehicle introduces the improvement of
V2V communication link. Also, performance of V2V communication in terms of

RSSI has been enhanced by the proposed system. Another significant performance
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the average signa to noise ratio. The experiment is measured the noise

power level. The average noise power level is about -95 dBm at the measurement

location. Also, the average SNR can be determined. Moreover, the average SNR can

be fed into the BER and PER calculation. The literature reviews introduced that BER

and PER

present a

refer to V2V communication link reliability. The lowest BER and PER

high performance V2V link. Also, BER is calculated by (4.18). In addition,

PER is computed using (4.19). The performance in terms of BER is presented in

Fig.6.17.
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17 The comparison of BER performance between conventional V2V and

the proposed system.
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Figure6.18 The comparison of PER performance between conventiona system

and the proposed system.

BER performance of the proposed system is lower than conventional system.
Focusing on 1000m distance between vehicles, the transmitting bit is 4096 bits. Then,
conventional system produces 446 bits error comparing to the proposed system which
produces 61 bits error. Thus, V2V message dissemination with low bits error
introduces for high reliability of a commination link. The increasing of road safety
due to vehicle receiving a high correct received packet introduces the road safety

enhancement. Focusing on the PER performance, the conventional system
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Figure 6.19 The comparison of DSRC throughput between conventional system and

the proposed system .

provides a higher PER performance comparing to the proposed system. PER

performance is presented in Fig.6.18. Assuming V2V transmit 100 packets, the

conventional system produces 19 packets error at 400m of a distance between

vehicles. As aresult, receiving high packets error increases the chance of an accident.

Because receiving vehicle sometime receives error information that effect to the

decision making. Moreover, the throughput of the proposed system is higher than the

conventional system. This result indicating a huge message can transmit in a fast

period.
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This result supports the major requirement of V2V communication under a low
latency. However, the experimental results present in static environment. Transmitter
vehicle is fixed position. Receiver vehicle varies position from 200 — 1000m. for
collecting RSSI performance. Focusing in V2V communication, vehicles
communicate to each other when moving with a high speed. Thus, dynamic

environment is introduced.

-60 T T T T T T T T
! ! ! ! O  Conventional system
1 1 1
62----- -: —————— r----- ME i il O Switched-Beam system with equality HPBW [
X X ¥ ead| # Proposed system
s R oY R o
1 1 1 1 1 1 1 1
1 1 m 1 1 1 1 1
BO == - - Haih P o - oo S i i
1 1 X:40 1 1 1 1 1 1
T 68f----- L aEEEEE P Y8633 1o - - Ay --- To----- - T -
o 1 1 1 1 1 1 1 1
E 1 1 1 1 1 1 1 1
7 7O LR RIS M\ NS EEEEE RS booe R
2 | | | | ¥ : ' :
© 70 e ¥ .. ¥
g 2 o) | 1 | ! I g I
o 1 | | | | 1 1
> 1 1 | 1 | 1 | 1
Py . N T | ™. W i A N o N . -
" : : : : | | : " x 100
1 1 1 1 1 1 1 1 Y:-76.2
i) iy 1T Y/ PPy T NN\ (o R T it ‘Sininia "
1 1 1 1 1 1 1 1 [
1 1 1 1 1 1 @ 1 ]
8 1 | ; | 1 | . 7 X100
1 1 1 1 1 1 1 1 Y:-77.6
e Rt N EEEE IR R COREEE ERECEEEEEEERE -
1 1 I 1 1 1 1 1 | |
] ] ] ! ! ] ] ! p x100 |
82 Y:-80.78
10 20 30 40 50 60 70 80 90 " 7° 100

Vehicle speed (Km/hr)

Figure6.22 The comparison of average RSSI versus vehicle speed in dynamic

environment.

The experimental in dynamic environment is presented in this section. Transmitter
vehicle travels with 20 km/hr. The receiver vehicle varies speed from 20 km/hr to 100
km/hr. Then, RSSI performance are collected. The experimental of dynamic scenario

is introduced. Two lanes road in urban area is the experimental location. Transmitter
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and receiver vehicles are in the same lane. Receiver vehicle speed varied from 20
km/hr to 100 km/hr. Maximum vehicle speed in urban are is not exceed 60 km/hr.
However, to confirm the success of the proposed system, 100 km/hr is investigated to
study performance of communication link when vehicle moving with high speed. In
addition, performance metrics include with RSSI, BER, PER and communication

delay time.

Focusing on average RSSI performance presenting in Fig. 6.22, maximum
average RSSI appears at 40 km/hr vehicle speed. At 40 km/hr of receiver vehicle
speed, receiver vehicle is near transmitter vehicle. Then, RSSI increases when two
vehicles travelling closely. Then, other performance metrics including with BER,
PER, Communication delay time are investigated in offline mode. A communication
delay time is introduced in Fig.6.25. A result indicates the enhancement of V2V
communication link. The proposed system produces a lowest communication delay
time. Low communication delay time producing a huge warning message disseminate
in a short period. Also, receiving warning message in a short period indicate that
driver gains more preparation time before approaching the accident area. Moreover,
correct warning message reception at the receiver vehicle isimproved by the proposed

system. Traffic safety increases with the successful of the proposed system.

Focusing on BER and PER performance introducing in Fig.6.23 and 6.24, BER
of the proposed system is lowest when comparing to conventional and switched-beam
system with equality HPBW. Assuming 1000 bytes of warning message size,
conventional produces 5 bits error. Focusing on 5 bits error, if 5 bits error is

significant bit in transmission packet then incorrect warning message reception at the
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receiver vehicle increase. Also, incorrect warning message reception introduces a
wrong driver decision making. Then, a chance of accident increases. Traffic safety is
reduced due to high BER. However, the proposed system produces a low bit error

rate.
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Figure 6.23 The comparison of BER versus vehicle speed in dynamic environment.

Focusing on V2V safety application, the proposed system increases correct
warning message reception. Then, traffic safety improves due to the increasing of
message reception with low BER. However, BER and PER are improved when using
the proposed system. The experimental results indicate the enhancement of V2V
performance metrics when using the proposed system. However, the comparison of

the proposed system and switched-beam equality HPBW introduces tradeoff between
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two systems. Focusing on safety applications, the proposed system provides high
performance of V2V communication link. Then, traffic safety increases due to a high

correct warning message reception.
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Figure 6.24 The comparison of PER versus vehicle speed in dynamic environment.
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Figure 6.25 The comparison of Communication delay time versus vehicle speed in

dynamic environment.

Focusing on a low distance between vehicles, Fig. 6.26-Fig.6.27 present the
relationship of RSSI at the designing point and BER versus distance between
vehicles. Low distance between vehicles at the designing point indicate a highest
RSSI and lowest BER. Because the optimum value occurs in this point. Thus, using
the proposed system at the mentioned points produce a highest V2V communication

link performance.
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6.8 Contributions

The contributions of this work are described in this section. The powerful of
switched-beam antenna system with optimum antenna HPBW increases road safety
indirectly. Focusing on V2V applications, when vehicles receive a warning message
with a high range then the drivers can prepare for a bad situation on the road. As a
result, the increasing of safety duration introduces the increasing of traffic safety
which corresponded to the main idea of ITS/DSRC.

Focusing on R, performance, safety distance introduces that the increasing of

a communication range with following the main requirements such as PDR and PER
performance metric enhancing road safety indirectly. Safety distance is the distance
that provides 90% of PDR. IEEE802.11p standard defined PDR for a high reliability.
Because V2V safety message dissemination affects to the human live. The safety
distance is presented in Fig.6.20. Also, the proposed system can receive message
longer than conventional system about 555m. Moreover, another performance metric

is time to collison (T,.). The time to collision is presented in Fig.6.21. The

measurement is operated in urban road. Focusing on 60 km/hr, the proposed system
has 13.87 seconds for the preparation of a bad situation. The drivers can break or
change their positions to avoid the situation on the road. Also, the results indicate the
success of applying optimum HPBW to switched-beam system in V2V
communication. The road safety indirectly increase. Thus, the results indicate the

proposed system enhancing V2V communication link performance and reliability.
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6.9 Chapter Summary

The applying of the proposed system in real measurement is important. The
measurement of RSS| introduces that the proposed system enhance the
communication link in V2V environments. Arada Locomate OBU has been chosen
for the experimental setup. Because the devices operate under IEEE802.11p DSRC
standard. Corner reflector has been chosen for the production of antenna HPBW
according to the optimum HPBW. USB-RF switch changed the input port and output
port according to the time sequence adjustment. Then, the received signal is fed into
Locomate OBU. The performance metrics of DSRC V2V link have been enhanced
due to the benefit of the proposed system. The communication with the best beam
introduces a good quality of V2V commination link. Finally, the measurement results
indicate the success of applying optimum HPBW consideration for switched-beam

antenna system in V2V communication.



CHAPTER VII

THESIS CONCLUSION

7.1 Conclusion

Optimum antenna HPBW determination has been proposed. The optimum
antenna HPBW is gathered by the determination of maximum SNR which is produced
by appropriate beam directly steering to vehicles on road. Then, proper antenna
HPBW and correct beam introduce RSSI improvement. As a result, performance
metrics inside receiving vehicle can be enhanced due to receiving only desired signal.
Friis transmission equation is important for the determination of optimum antenna
HPBW. The received power can be increased due to the improving of antenna gain.
Focusing on transmitting side, transmitting antenna uses antenna having directiona
radiation pattern. Then, the antenna gain is constant. Receiving antenna can be many
types but increasing receiving antenna gain. Due to drawbacks of conventional V2V
system, an antenna having omni-directional radiation pattern installed and
disseminating V2V safety message for al directions. Thus, signal power losing in
undesired directions is occurred. Then, the received signal power at receiving vehicle
is reduced. Also, signal quality is decreased. The simulation results and experimental
results introduce the determination of V2V enhancing technology in terms of antenna
technique. Thus, an antenna having directional radiation pattern is introduced. The
main beam is concentrated to a certain object. Then, the signal power at receiving

vehicle is increased. Then, other performances metrics are improved. However, an
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antenna having directional radiation pattern cannot be used in some application that is
required for forward and backward beam communication simultaneously. Thus, other
antenna technique is presented. The interested antenna technique is smart antenna.
Smart antenna produces more benefits. Smart antenna steers the main beam to desired
directions. The main beam producing maximum received signal power has been
selected for data dissemination. Smart antenna system is separated into two major
types. Adaptive Array and Switched beam system. Adaptive array system required for
the intelligence processing unit this is because the adaptive array send a feedback bit
from receiver to transmitter for the adjustment of transmitting signal. Also, the
adaptive array system required for more processing time. Focusing on V2V
communication, asmall latency is the major requirement. V2V message disseminating
to other vehicle in a short period increases driver reaction time. Also, the road safety
is occurred due to V2V message dissemination in a short period. Thus, adaptive array
is not proper for V2V communication. Thus, switched-beam system is another
technique for the enhancement of V2V link quality. Switched-beam system does not
transmit a feedback control bit to transmitter. Then, the system does not require more
intelligent signal processing units. Thus, switched-beam system is appropriate for
V2V data dissemination. Steering main beam to a desired direction and the
determination of maximum RSSI are the benefits of switched-beam system. Then,
signal quality at a receiving vehicle is improved. However, the literatures introducing
that antenna HPBW is another significance parameter. The antenna gain depends on
antennaHPBW. A wide HPBW provides alow antenna gain. As aresult, the coverage
range is reduced. In other words, a narrow HPBW provides high coverage range.

Moreover, the consideration of antenna HPBW is separated into two main planes:
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azimuth and elevation planes. However, this work focuses on azimuth plane. Because
the distance between vehicle of V2V communication is short. Then, the adjustment of
elevation antenna HPBW provides a small effect for V2V communication
performance. Hence, this work focuses on azimuth antenna HPBW optimization. The
average antenna gain has been determined. The antenna HPBW value appears in
antenna gain function. Moreover, vehicle position on the road is fed into average
antenna gain calculation. In addition, the average SNR is calculated. Then,
optimization process is started. The antenna HPBW values providing a maximum
average SNR present the optimum antenna HPBW. Thus, V2V communication link
installing the proposed optimum antenna HPBW produce the enhancement of V2V
communication link in terms of average antenna gain, average SNR, BER and other
performance metrics. The ssimulation results introduce the successful of applying the

proposed system to V2V communication. R_,and T, introduce the road safety

increase when RSSI at the receiving vehicle increase. Focusing on the real
measurement, two lane road in urban scenario has been selected. BSM message has
been transmitted according to IEEE802.11p (WAVE-DSRC). The antenna providing
HPBW according to the simulation result can be many types which provide the
optimum antenna HPBW. However, this work selected corner reflector method for
antenna beam shaping. Thus, the comparison between conventional system with an
antenna having omni-directional radiation pattern and the proposed system is
introduced. The experimental results indicate the enhancement of BSM message
dissemination using the proposed system. The installation of optimum antenna HPBW
with switched beam system for V2V communication increases the performance

metrics. Moreover, BER and PER introduce the reliability of V2V communication
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link. A low BER and PER introduce a high correctly received BSM message. Then,

the proposed system indirectly increase the road safety. Moreover, R and
T introduce road safety enhancement due to the driver getting more preparation

time to accidents events on the road. Also, the proposed system answer the major
requirements of DSRC V2V communication. The conclusion of this thesis can be
summarized from the contributions as follows.

7.1.1 Thereliability of V2V link isincreased due to the proposed system. The
enhancement of RSS| at the recelving side increasing the communication link
reliability such as BER and Throughput. A Low BER indicates a high reliability of
V2V communication link. Then, a receiving vehicle can receive the correct warning
messages. Consequently, the chance of accident is indirectly reduced by the proposed
system.

7.1.2R,,: The communication range is increased due to the RSS|
enhancement. Then, the coverage range of V2V communication extension is
improved. Also, the vehicles receive the message at a long range which means that the
drivers have more time to aware for the accidents on the road. Then, the proposed
system enhances the road safety for the drivers. As a result, the proposed system will
support the requirements of V2V DSRC safety applications.

7.1.3T,,: Time to collision or T, indicates the preparing time for a bad

situation on the road. In addition, this parameter refers to the collision time. The

proposed system produces for more T_,, .Also, the road safety is improved due to the

increasing T, .
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7.1.4 Tradeoffs are the performance and system complexity between
conventional switched-beam system and the proposed system. Focusing on system
complexity, conventional switched-beam system presents a low system complexity.
Because conventional system does not require the construction of an antenna having
HPBW according to optimum value. However, low system performance such as high
BER, PER are the limitations of conventional system. Focusing on the proposed
system, the proposed system is more complex than the conventiona system due to the
construction of antenna HPBW corresponding to the optimum value. In contrast, the
proposed system produces a high performance. Then, the road safety increases when
using the proposed system. Thus, safety application should select the proposed system
to increase the traffic safety.

For the future work, the applying of optimum antenna HPBW to other V2V
safety application should be investigated. The integration of proposed system to a
conventional safety applications will increase the communication reliability. In
addition, the process of optimum antenna HPBW determination should be applied to
other road environments. Moreover, the basic theory of optimum antenna HPBW
determination should be applied to the related topics of DSRC transmission which
enhanced the link quality. However, the experimental results and simulation results
from this work can be used as a guide line for the performance of the DSRC V2V
networks, where the benefit of the proposed system is better than the conventional

V2V communication.
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This paper presents the proposed switched beam antenna system for V2V communication including optimum antenna half power
beamwidth determination in urban road environments. SQP optimization method is selected for the computation of optimum
antenna half power beamwidth. In addition, beam tracking algorithm is applied to guarantee the best beam selection with maximum
RSSL The results present the success of the proposed system with the increasing of V2V performance metrics. Also, V2V data
dissemination via the proposed system introduces the enhancement of V2V link in terms of RSSI, PER, BER, T, and R,;,. The

results indicate the improvement of V2V link reliability. Consequently, the road safety is improved.

1. Introduction and Related Works

The increasing of vehicles in the world promotes the traf-
fic congestions and accidents on the road. The works in
[1-3] have presented that the intelligence of conventional
transportation system is made by Dedicated Short Range
Communication (DSRC) technology which provides a fast
data transmission and a high reliability of the commu-
nication link. ITS/DSRC communication regime operates
under [EEE802.1lp (WAVE-DSRC) standard at 5.9 GHz (7
channels) working for different manners. ITS improves the
road safety by sending useful information to the drivers on
the road for preparing for a bad situation. There are two
differences of data dissemination procedures which are cat-
egorized into V2V (Vehicle to Vehicle) communication and
V21 (Vehicle to Infrastructure) communication. The work in
[4] has introduced that the equipment for ITS/DSRC is OBU
{On Board Unit) and RSU (Road Side Unit). Both devices are
equipped with omnidirectional antenna. The works presented
in [5, 6] have introduced that ITS/DSRC applications are sep-
arated into two major types: safety applications and nonsafety
applications. Safety applications require for more link relia-
bility and lower latency. The work in [7, 8] has presented that
the impacts of accident on expressways rely on the decision

of drivers. There are 2194 accidents occurring on the express-
ways.-Also, the human lives lost and the costs of damaging
are the significant issues which motivate the governments in
the world to search for better solutions, There are many well
known safety applications in the world such as collision warn-
ing system, road side alert, and Road Hazard Warning. How-
ever, the works in [9,10] have presented that the phenomenon
of transmitting signal for all directions introduces the signal
power losing in undesired directions. As a result, a signal
quality at the receiving side is not good enough. Also, the
signal quality drops at the receiving vehicles. The works in [11,
12] have presented that an antenna having directional pattern
is the solution. This is because an antenna having directional
pattern can radiate the signal to the desired directions. The
signal quality such as RSSI performance is improved. How-
ever, there are some limitations of an antenna having direc-
tional pattern such as hidden node problem and sometime
cannot be used in some applications. The works in [13-17]
indicated the powerful antenna technology which provided
the reduction of interference effect and increasing the signal
quality at the receiving vehicle. Smart antenna has been
proposed for a solution. There are two types of smart antenna
technology including a switched-beam antenna and an adap-
tive array antenna. The adaptive array antenna requires more




141

t

processing times due to feedback control bits for adjusting
the phase and amplitude of the transmitting signal. Switched-
beam system does not require complexity and intelligent
methodology. Also, the processing time of switched-beam
system is less lhan adaplive array system. However, the
works presented in [18, 19] have introduced other significant
factors to the performance of switched-beam systern. One of
these factars is the antenna half power beamwidth (TTPTW).
However, a conventional switched-beam system has an equal
HPBW for cach beam. The cqual HPBW is determined
without the consideration of vehicle positions on the road and
the environments of the road so this causes the inefficiency of
using conventional HPBW lor V2V applications, Moreover,
the improper HPBW indicate the chance of connection
loss, low communication range, and low signal quality. Lhe
optimum HPBW will improve a signal quality at the receiving
side. Morcover, to ensure that there is no connection loss
until the data dissemination between vehicles, beam track-
ing algorithm has been proposed. In literatures, there are
many methods of beam tracking algorithm. Focusing on the
main idea of V2V communication, DSRC V2V requires fast
and more reliability of the communication link. "lhen, the
simplest beam tracking mechanism for V2V communication
has been selected according to the works presented in [20-
23], Low connection loss and simplest procedurcs are the
advantage of RSSI-based beam tracking mechanism. Focus-
ing on V2V DSRC communication, beam tracking provides
aseamless connection of the radio link between vehicles. The
vehicles can travel from one position to other positions on the
road if the connected beam is suitable for the position of the
vehicle on the road. 'Lhen the signal quality can be improved.
As a result, the high radin link reliability with low eonnection
loss and scamless connection will promote the road safety.
Because the vehicle connects to V2V network all the time.
vehicles inside a communication zone can receive a warning
message in order to prepare for a bad situation on the road.
This paper employs the corner reflector type for antennas
according to [24] because it is the simplest way and less
complexity of antenna HPRW heam shaping technique. The
details to apply 4-beam SWB system with optimum HPRW
for V2V communication have becn given later, This paper
presents the experiments of the proposed system for the real
urban road. The performance matrices in this paper are the
same as presented in [25, 26] including RSSI, ECR (R_;.).
and TTC (T,,;.). Note that the speed limit in urban road 27|
following the law is 60 km/hr. 'Lhe results confirm that apply-
ing switched-beam antenna with optimum HPBW and heam
tracking can enhance V2V communication link. Mareover,
the results indicate the improvement of traffic safety for 74%
when comparing to the conventional V2V communication
system. Moreover, the method to find the optimum HPBW
is [irstly introduced in this paper by using SQP oplimizalion
method. The consideration of antenna half power HPBW can
be separated into two planes, elevation and azimuth planes.
Focusing an urhan road area, a distance between vehicles is
shart. Then, the effect from azimuth HPRBW iz more than
clevation plane, Thus, this paper focuses on the determina-
tion of optimum HPBW on only azimuth plane. Also, the
results in terms of RSSI, BER, PER, and R, and T_,;, have
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been cxamined through simulations and experiment. The
contributions of this work can be addressed in the following:

(1) V2V Communicalion link reliability is increased
due to the proposed system. 'Lhe increasing of RS51
presents the improving of communication link per-
formance metrics and link reliability such as BTR and
throughput, Low BER introduces a high reliability
of V2V communication link. As a result, a recciving
vehicle can receive the correct warning messages.
Then, the chance of accident is indirectly reduced by
the proposed svstern.

(2) R,;.: RSSLenhancement introduces the increasing of
cuverage range of V2V message communicalion. The
transmitting vehicle can communicate with receiving
vehicle at a long distance. So, the vehicles receive the
message af a long range which means that the drivers
have more time to prepare for the bad situation on
the road such as accidents and chain collisions. Thus,
the outcome of the proposed system enhances the
safety for the drivers. As a result, the proposed system
will support the requirements of V2V DSRC salety
applications.

(3) Toyg: this parameter indicates the preparing time for
4 bad siluation on the road. In addition, T, relers
to the collision time 'Lhe proposed system produces
more I _;,. Also, the trafic safety has been improved
due to the increasing of T,

In summary, the road safety is indirectly increased by the
enhzncement of V2V communication link using the pro-
pused systemn, The remainder ol Lhis papers is as [ollows:
the mentioning about problem formulation is presented in
Section 2 including optimal half power beamwidth determi-
nation. Beam tracking algorithm is also presented in this
section, Next, the device configuration and experimental
setup are presented in Section 3. The results and discussion
are presented in Section 4. Finally, the conclusion is piven in
Section 5.

2, Problem Formulation

2.1 Optimal HPBW Determination. Focusing on optimal
HPBW investigation, in this paper, the SQP optimization
process has been selecled (o solve the oplimization problem.
First ot all, the fundamental of proposed system is explainad
‘Lhe autput of optimal [IPBW investigation is the optimal
HPRW values which can provide the maximum RSST and
SNR. As & result, the maximum SNI presents the best quality
of V2V communication link. According to this, a better
communication link refers to a higher RSSI at the receiving
side. Thus, the higher RSSI improves svstem performance
and system reliability. This paper proposes 4-switched-beam
system with the aptimum HPBW observation. Moreover, the
comparison of two different systems is based on the same
transmission power for an impartiality comparison hetween
two cases. Thus, the gain comparator factor has been inves-
tigated for adjusting the antenna gain function of the two
cases in a fairness comparison. The work presented in [28]
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11GURE 1: Traditional V2V communication when employing omni-
directional antenna.

has shown that the antenna gain function depends on main
beam directions. The main beam directions are related to
the antenna HPBW. Focusing on the performance metries of
V2V communication systen, the work introduced in |29] has
presented that the EFifective Communication Range [ECR)
or i, is configured according to BER threshald and PDR
threshold related to IEEE802.11p standard. According to this,
when vehicle is traveling inside communication arca, this
vehicle guarantees getting a high link relizbility. Moreover,
ECR (R, ) can be related to time to collision or T, as shown
in (1) and (2). The safely range (R,,;.) is related o the speed
af the vehicle (§) and the PR value: 0.9. Note that it can
only be used in urban road with asphalt material. In addition,
(R,,s.) indicates the distance for the driver preparation to
control vehicle into a bad situation on the road. Morcover,
the relationship between the proposed system and time to
collision or safety time (T,.,) is presentedin (2). According to
Lhis, anlenna lechnology is related with V2V communicalion
link in terms of Effective Communication Range [Ryqp).
Thus, (K,,¢.) and (T} are important:

sfe

sil
; ]
e (&-3.6) _ 1)
100
’ R.—R .
‘Isafe: saf;j\ 3 1\2]

The proposed system includes omnidirectional antenna
installing at the transmitting vehicle and the receiving vehi-
cle equipped with switched beam system following with
Figure 1. Also, the relationship between transmitting and
receiving signals is presented in

y=hxn, @)

where y is a receiving signal, b is a wireless channel, and x is
the transmitting signal. From (3), the average received power
can be expressed as shown in

Bo= [ hF + s (4)

where E, is the average received power which combines the
multiplication of transmilling signal power znd propagalion
channel coetficient and the averape noise power. Lhe channel
coefficient is expressed using Lriss transmission equation.
Then, (4) can be rewritten as shown in (5). Tet N bhe
the average noise power as [n> = N. As a result, the
signal to noise ratio (SNR) can be calculated in (6) and (7).
Llowever, there are more buildings and obstacles around the
communication zone in an urban road. The scattering signal
and interference signal from the nearby radio equipment
get impact to the receiving vehicle. According to this, the
probabilities of interference effect at the receiving side and
the effect [rom the obstacles increase. This is because (he
receiving vehicle can receive signals from all directions. Also,
the quality of V2V communication link decreased. 'Lhus, V2V
communication link in urban area needs the improvement of
radio link quality. As a result, high performance link provides
a high reliability data exchanging between vehicles, Focusing
on the structure of the proposed system, Figure 2 presents
the angle paramelers (¢,,¢,). Assuming N(d,,¢,) — N;
Wig.¢,) and SNR = yl¢,, ¢ ). then the average signal (o
noise ratio depends on the average antenna gain according to
vehicle position probability and angle spread between beams
as expressed in (6) and (7) as follows:

E (9. ¢)
=r.-.(¢f,¢f}c:f(¢f,¢:)cr(¢,,¢,}(:ﬁ)lﬁ. K
7 (608,) - % (ﬁ]
¥ (¢.91)
_ B (908G, (891G, (¢ ) W/4mR) I @)

N

To find the average value over all directions, the average
SNR can be calculated by

S=E if‘r (ﬂ:;fbr} } . (8)

Focusing on the average antenna gain determination,
the antenna gain function (G,(#)) consisted of the relation-
ship between HPBW and main beam directions which is
cxpressed in

Q. ( d;} g% T QMBJJ;’BW_];J‘. (9)

where (¢, — BW,/2) = ¢ = (¢ + BW,/2). However,
another imlpoﬁant issue is a compai’ison of transmission
power between three different systems. 'lhe comparison is
based on equal transmission power. ‘Lhen, the adjustment
factor has heen computed by pain comparator parameter
(g;) which will adjust the transmission power equally to an
antenna having omnidirectional pattern. Next, the proba-
bility density function is expressed in (10} which includes
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F1GURE 2: Propased system when applying switched-heam antennas at receiver vehicle.

the vehicle position probability (F)) and (he angle spread

between beams (Ag):

() =

where (Ad) is determined by (he road width (W] and
distance between vehicles (D, ) according to the related works
in a previous section. 'Lhen, a suitable antenna gain function
consisted of HPEW (BW,), main heam directions (MB,), and
probability density function of vehicle position ( p;(¢)) which
are expressed in (10}, The angle spread between beams Ad is

expressed in

Ag =2 - arctan

These paramelers related (o (he rvad structure and Lhe
distance between vehicles, In addition, lhe vompulation
of communication link performance is fstly initialized
with Triis transmission equation which is expressed in (7).
Gy, ¢b.) and G (¢, &) are the function of transmitting and
recciving antenna gain. The proposed syskm is considered

= (1/2m) _|'

at the receiving vehicle. Also, G
changes to

rZ,

The transmitting vehicle is equipped with omnidirec-
tional antenna. V2V safety message disseminates to the
recciving vehicle, The receiving vehicle is installed with
switched-beam antenna system. The distance between two
vehicles is presented in terms of R. The related parameters are
described as the [ollowing. Let F(¢,, ¢,) -
Gily), and G.(¢,, &) = G,(¢,). When the relaionship

— 1. 'lhen, signal to noise ratio

between ¢ and &, is ¢, — ¢,

¢

(W)
(D))

‘ j G, (¢,)p, (4,49,

Pf-‘ Gr(¢r‘ﬁb‘} =

35m

3.5m

3.5m

van be calculated using (8). The relationship belween ¢, and

¢, is . = & — . As aresult, (5) is changed to (13) as follows:
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PER =1 -(l

12)
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{14)
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' L' Gy (¢ -7)G, (9,)p(4,) 4o,
7=(3)# (5

1
BERypgy = —erfc (

2

Iy
\45),

- BER)™*,

(¢,) (M4nR) }

)“ J G,.(9,)p (4,49,

(16)

(17)

(18)

(19)

The noise power level N is gathered [rom the real mea-

surements in urban road area. 'Lhese values are collected from

saie

5 times per point. The performance meTri-.a indicate the Lffec-
tive Communication Range (R
inside a communication arca maintains a stable link am}rd
ing to BER and PER threshold. Focusing on IEEES02.11p
standard, PDR is configured at 90%. This value introduces
more link reliability. The expression in (18) indicales the resull
ol HPBW for V2V communicalion link. Also, the expression
in (19} introduces the relationship between PLR and BLR,

The vehicles traveling
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where [. refers ta the packet size. The work presented in [30]
has introduced that the relationship between BLR and PLR
relates with packet length. Moreover, PLR causes & wrong
decision of the driver when receiving high PER of safety
message. Also, PER and BER are the performance metrics
which indicate the performance of vehicular network.

The optimum HPBW delerminalion process iniliales

wilh (he constraint lunclion which checks the condition ol

inpul values. Also, lhe average anlenna gain and average SNR
are calculated inside the objective function. The proposed
systems can be categorized into nonlinear multivariable
optimization. The works presented in [31,32] have introduced
Jacobian and Lagrange methods which are suitable for a
single equality constraint. Focusing on the structure of the
optimization problem, the proposed system requires a cor-
rection of antenna gain function corresponding to the vehicle
position on the road. The selection of suitable antenna gain
function, vehicle position probability, and the angle spread
hetween heams introduce that the mentioning methads from
above are improper for the proposed system. Moreover, the
difficulty of the computation presents the unsuitableness for
the proposed optimization problem 'Lhe work presented in
[33] has expressed that the proper method for the similar
objective tunction as the proposed system is 5P method.
SQP melhod is the powerlul method (or the delermination
of the vptimum value [or Lhe objective lunclion which is
relaled wilh guadratic equation. Moreover, SQP method
requires low processing time. Also, SQP optimization method
is selected for optimal HPBW determination. To apply SQP
method for the determination of optimum HPBW for V2V
communication, the ebjective function can be given in (20),
This function consisted of input HPBW values, exact antenina
gain function, and probability density function of vehicle
position probability:

f {H“‘r Irzass R“FM)
;N — VI opim ,20]
(B[ A J NN ‘
= (N ] |}1'| (4?1’R) N Cr I:'!b.) p“’r) d";ér’

where M is the number of beams. The solution can be
obtained by applying SQP method on the optimization
problem as presented in

Maximize: f (BW,,...,BW,/) (21)
]
Subject to: ) BW, — 2. (22)

i-1

A determination of the maximum average SNR is the
main purpose of the ohjective function according to the
constraint which is shown in (22). The summation of input
HPBW values is equal to 360 degrees. The simulation
program computes zll cases according to the optimization
constraint to guarantee the goal of objective function. Also,
the maximum average SNR indicates the best solution of
HPBW values. 'Lhen, the best solution of HPBW producing
a maximum average SNR is selecled 1o be Lhe oplimum
HPBW. Moreover, the radialivn patlern of (he oplimum

Beam | = 57 deg. Beam 1= 113 deg.
—— Beam 2 _ 113deg, — Omnidirectional
Beam 3 = &7 deg.

ltauRE 3 Hadiation pattern of the propased system (simulation).

HPBW is shown by Figure3 including with &7, 113, 67,
and 113 degrees of Beam |, Beam 2, Beam 3, and Beam 4,
respectively. Then, V2V communication link reliability can he
computed. Moreover, the performance evaluations in terms
of BCR (R and T'I'C (1) corresponding to IEEEB02.11p
standard can be caleulated via (19). Moreover, this paper
introduces the measured radiation pattern of the optimal
HPBW presented in Figure 4. 'Lhe experiments introduced
the improving ol V2V communication link perlormance in
lerms of RSSI. However, the information ol beam direclion
is another signilicanl parameter Lo ensure (hal the receiving
vehicle can raceive DSRC message according to the proper
beam, Also, beam Lracking algorithm will be explained in
next subsection.

2.2. Beam Tracking Algorithm. The determination of optimal
HPBW has been presented in the previous section. Also,
another important issue for V2V communication link is beam
tracking. This section introduced beam tracking mechanism
using RSSI decision based algorithm. The work presented in
[20-23, 24] has introduced that the signal strength of the
receiving signal depends on path loss, shadowing fading,
and multipath fading. Focusing on path loss issue, path lnss
is directly proper with the distance hetween vehicles. The
increasing of distance between vehicles reduces the signal
strength at the receiving vehicle. Tocusing on urban road
environments, many obstacles locate near the communica-
tion zone. Also, the effect from obstacles occurs at the receiv-
ing side. Many researchers try to improve the signal street
al Lhe receiving side under the mentivned condilions. Also,
the abovementlioned indicale Lthe signilicance of improving
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(k)

FicURE 4: (a) Measured radiation pattern. (b) Devices and radiation pattern measurement.

V2V communication link. The previous section presented
the powerful method of finding the optimum HPBW produc-
ing a good signal qualily al the receiving side. However, o
ensure that V2V communication link will connect all the time
and that there is no connection loss in V2V communication
link, beam tracking algorithm for V2V is important, The
study cascs can be separated into main scenarios: (1) Beam
1 changes to Beam 2 and (2) Beam 2 changes to Beam 3. The
decision mechanism is based on (24),

For V2V communication using Beam 2, Beam 1 chanpes
to Beam 2:

Pryy < Iy, )
(23)
Prxbl > P:'xmjr.'

Tor V2V communication using Beam 3, Beam 2 changes to
Ream 3:

Prps < P —
(24)
Pn'h'i 2 Erymin-

Beam 4 has been neglected duc to the road structure,
Only two lane road is interesting in this paper. Since these
events are statistically independent, Fy;, Py, and By are
presented as the [ollowing:

By, :Q(M ;PT'-“)Q(Prmm—#;),

T
'EEZQ(ME ;PTE.)Q(:Pr:mi;_M ) (25)
= QBT o Fememlt),

where Py, = -88dBm and P, = -95dBm refer to
receiving power threshold and minimum receiving power
al the receiving vehicdle, In addition, p, = K - K,
fy = Ky — Ky xlog(R - d)), and py = K; - K, x
log. (R — d,) are mean of the receiving power presenting in
Gaussian process. d,, d, are the distance between vehicles.
R is DSRC communication range which equals 1000m.
Torcover, o introduces the standard deviation of shadowing
eflfect according o TEEE802.11p (WAVE-DSRC) standard.
v has been varied [or the simulation ol beam selection
probability. Alse, K, and K, are path losses factor. 'lhe work in
[20] has presented that K, and K are equal to 0 dB and 30 dB,
respectively. The probability of beam selection is presented in
Figures 5 and €. Due to the connection loss issue, also the
“Make before Break” algorithm has been selected to ensure
that there is no conneclion loss in V2V communication link.
The simulalion resulls in Figures 5 and 6 present the beam
selection probability according to the proposed algorithm.

3. Devices Configuration and
Experimental Setup

The experimental equipment is as the following: two vehicles
with the same types. two Locomate OBU which are equipped
with omnidirectional antenna. One Locomate device is
installed at the transmitting vehicle which is configured as the
Provider. Another one [or receiving vehicle which is setup as
User. 'lhese devices are installed at the center of the vehicles
roof. 'Lhe transmitting vehicle installs the antenna having
omnidirectional pattern. Tocusing on the receiving vehicle,
the proposed system 15 installed with corner reflector for
producing HPBW according to optimal HPBW value. The
main beam of each antenna steers to 0, 90 , 180, and 360

degree directions, The SWEB system steers the beam every
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100 ms trom Beam 1 to Beam 4. 1his is because the switches
time relates to the channel switching time of DSRC standard.
As a result, signal from anlenna with corner rellector is fed
into QBL. Also, OBU connect with host computer which
holds the maximum RSSL As a result, the receiving vehicle
can also receive @ good signal quality due Lo the manner of
SWB mechanism. However, when the vehicle is moving out
of the communication rage, the communication link between
two vehicles is discarded. Finally, the SWB syslem stars [or
a new process but using the same procedure. The compar-
ing between conventional V2V communication link perfor

mance and SWB system is the mujor purpose lur next exper-
iments. The road is made of asphalt which is related to the

=~

previous section that mentioned safety distance in an urban
road. The experimental setup is configured as two vehicles
travelling in the same lzne, The vehicle in the front is config-
ured as the receiving vehicle which is equipped with SWB sys-
tem. The vehicle in the back is configured as the transmitting
vehicle. The length of message size is configured as 512 bytes.
Lhe transmitting vehicle travels following the vehicle position
(Point numbers | to L) due to the test of beam tracking, RSSI
ol the reeving signal have been collected 5 limes per posilion.
Lhe results of experiments are presented in the next section

4. Experimental Results and Discussion

In Figure 7, the results present the relationship between
vehicles posilions and beam indices. Focusing on positions
1-4, Heam 1 has heen selected for V2V data transmission.
Moreover, the connected beam changed when the recciving
power is relating lo (23) and (24). Beam 1 changes Lo
Tieam 2 when the vehicle traveling passed positions 5-7. To
choose the right beam index, the vehicle position should
be accurately eslimaled. In our experimenl, Lhe estimation
error is very little which does nat affect the heam selaction.
However, vehicle position estimation error impacts on the
performance metric when changing beam index. Vehicle
position estimation error introduces incorrect beam selec-
tion. As a result, RSSI at the receiving vehicle reduces. Then,
the communication between vehicles is reconnected. Also,
new process of beam tracking is initiated. Then, the delay
of the mentioned process occurs. The increasing of delay
increases the latency of V2V data dissemination. After that,
Beam 2 changes to Beam 3 when the vehicles traveling
passed positions 8-11. The performance of receiving signal
has been improved due to the information of beam tracking.
Moreover, the proper connected beam introduces increasing
ol RSST al the receiving side. In addilion, the beam tracking
provides alow connection loss to maintain a continuous V2V
communication link, As a result. the reliability of information
exchange between vehicle is increased. The result also shows
that beam tracking provides a correct connected beam which
provides a good signal quality at the receiving vehicle,

Figure 8 presents RSSI performance comparing between
conventional system and the proposed system. Among
antenna cases in the results, the optimum HPBW case indi-
cates the best performance in terms of RSS, Ry, and T,
performances. This is because the HPBW of the antenna is
optimally allocated to the position of the vehicles on the road.
Focusing on 600 m distance between vehicles, the proposed
system increases RSST performance 5dB or three times from
the conventional system. The resull indicales the increasing
of coverage range which is related to the cell planning for
IEEE802.11p in [35]. The improvement of RSST is benefir for
coverage oplimization planning which is significant lor the
deployment of WAVE-DSRC network.

Ry performance s presented in Figure 9. Asaresult, the
uplimum HPBW case provides more Ry, in comparing lo
the conventional case. Moreover, the proposed case is better
than conventional case for 35.5%. This result indicates that the
vehicles using swilched-beamn with oplimum HPBW syslem
and beam tracking algorithm can receive the safety message
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FIGURE 7: Lhe comparison of beam index and vehicle positions on the road for beam tracking algorithm.

in a longer range when comparing to the conventional case.
Also, the drivers inside the receiving vehicle can have a better
chance o conlrol 2 car in a bad siluztion. As a resull,
the proposed system increases the traffic safety by using
switched-beam with optimum HPEW and heam tracking.
Focusing on the vehicle speed at 60 kim/hr, the optimum
HPBW oflers Lhe besl perlormance when comparing lo Lhe
conventional system. Another performance metrics in terms
of time to collision is presented by Figure10. T, of the
optimum ITPBW is better than conventional case. This result
conlirms Lhe ellective usage of swilched beamn system which
can enhance the time to collision performance. Focusing on
the real situatian, the driver drives a vehicle at 60km/hr
and moves to the dangerous situation on the road. Preparing
lime lor a bad silualion increases 5 seconds when using
proposed beamforming system. The result indicates the road
safety increasing by the proposed heamforming and heam
tracking approaches. lhen V2V communication system with
optimum HPBW disseminates the warning messages to the
driver for a long communication range. As a result, the
driver has more times for braking or preparing to the
dangerous situation on the road. Also, the traffic safety has
been incressed when applying switched beam anlenna with
the optimum HPRW and heam tracking to V2V application.

Another performance metric is packet error rate (PER)

as presented in Figure 11. The result indicates that PER of

the proposed system is less than 23% comparing ta the
conventional systern at 300m. Assume that 100 packets
lransmission and 40 packels” error occur al the receiving
side when using conventional system. But 15 packets’ error
occursat the propnsed system. The results indicate an indirect
impact of the communication reliability. Focusing on safety
message dissemination, lhe proposed syslem receives lor
more correct packet comparing to the conventional system.
Also, safety message transmission with high reliability intro-
duces the increasing of warning message accuracy. Thus,
road salely increases due lo the benelil of the proposed
system. The comparative study in terms of PER performance
metric indicates the successful heamforming and tracking
approaches. Moreover, Bit Error Rate (BER] is the significant
paramelers of the communication link. The resull shown
in Figure 12 indicates the comparison of BER and distance
hetween vehicles. The authors emplay the approximation of
BER introduced in [30]. Receiving powers of the proposed
system are measured by the experiment on urban road
environment. Two-lane road has been chosen. OBU with
beamforming system is installed at the receiving vehicle.
Another OBU with omnidirectional antenna is configured
as lransmilling vehicle, The receiving power was measured 5
times per points. Also, the average receiving power has been
calculated with average noise power. Then, SNR has been
translated to Eb/N0. Focusing at 300 m of distance between
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nication.

vehicles and 100 bytes of transmission packet size, BER of the
convenlivnal system is 4 x 1072, BER ol the proposed syslem
is 23 107, Asa result, the amount of bit error for the conven-
tional system is 32 bits more than the proposed beamforming

system. High BER indicates unrelizble link. As a result,
road safery is reduced due to the impact of incorreet warn-
ing message reception. Focusing on another QO3 metrics,
throughput can be estimared via the approximation method.
The configuration is as follows: bandwidth: 10 MIIz, data rate:
27 Mbps, modulation type: OFDM (BPSK), channel number:
172, frequcnc:.-': 5.9 GHz, and devices: Lincomate OBL devices.
The result in Figure 13 indicates the improving of system
throughput by using beamforming and tracking approaches.
The throughput of proposed system provides | Mbps more
than the conventional system. 'This means that the proposed
system can transmit message faster than the conventional
systemn. Tocusing on the real life scenario, a huge message size
such as short period video and high-quality photo from car
DVR (car Digital Video Recording) can transmit with higher
speed than conventional system. 'Lhe processing unit of those
video and photo files can process and transmit the warning
message faster than the conventional system. The impact of
the proposed system increases the road safety indirectly.

5. Conclusion and Future Work

This paper presents the importance of applying optimum
HPBW for V2V DSRC application. Switched-beam system
with optimum HPBW enhances the communication link
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between vehicles. 'Lhe optimization problem is mathemat-
ically modeled by considering the prohability of vehicle
positions as well as road environments. SQP optimization
method has been proposed for optimum HPRW determina-
tion. Moresover, beam tracking algorithm has been applied
to ensure a scamless connection between vehicles. The
results indicate that applying switched-beam antenna with
optimum HPBW and beam tracking mechanism for V2V
DSRC communication can increase the signal quality and
system performancesat the receiving vehicle in terms of RSST,
Hgyper a0d Ty . Particularly, the proposed system can improve
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the traffic safety 74% in comparing to the conventional DSRC
V2V communication. This paper has addressed the simple
methad to save more lives by adjusting the aptimum HPRW.
Also, the proposed system can be practically implemented on
existing V2V technology.
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Abstract

The effeel of mullipath lading und the surroundings ol (he communication arca cause errors in the
V2I (Vehicle to Infrastructure) communication link. Traditional ITS/DSRC systems cannot read
information when vehicles move at high speed. These reasans cause the unreliability of the
conventional ITS/DSRC systems. Therefore, the authors propose using the MIMO technique and
SDR technology to enhance the ITS/DSRC systems’ performance. This article presents an
implementation of the SDR technology for ITS/DSRC used with the MIMO technique. All
experimentalion has [ollowed the IEEE 802.11p WAVE-DSRC standurd. The USRP platform and
GNU Radio soltware puckage huve been used. The achievement of 2 USRP plallorms can be
configured easily as OBU and RSU. OBU are installed in the vehicles to perform measurements for
V2T applications. The packet error rate, hit error rate, throughput, and average correct received
packet ratio have been investigated by varying the distances hetween the RSU and OBLU. The results
show un improvement in the (raditional TS/DSRC syslem’s perlormance. The proposed system
increases the reliability for drivers when a small bit error rate occurred. The proposed system gains
a high system throughput. Then, the TTS/DSRC communication system can transmit important
inlormation at a high data rale.

Kevwords: Software=delined radio, mulliple anlennys, multiple-inpul and mulliple-oulput,
Alamouti, V2L, electronic toll collection, Universal Software Radio Peripheral, GNU
Radio

Introduction

Recently, ralfic problems have become one  iravel, wedical purposes, and logisties. The
of the most important problems for governments  number of vehicles increases in direct proportion
aronnd the world. Transportation svstems are  to the numbers of the popnlations. This has an
significant factors for human life such as for  effect on watfic flows. If a sovernment does
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not build roads to support the vehicles, it
causes traffic problems and dangerous roads.
The researchers suggest that telecommunication
technology, called intellizent ITansportalion
systens (ITS), be used o nnprove the radiional
transportation system. lhe I'T'S can solve
traffic problems such as traffic congestion
and accidents. The final goals of the ITS are
to improve traffic efficiency and mobile safety
without new road construction being required.
Dedicated short range communications (DSRC)
15 an enabling technology that allows velneles
to commuunicate with each other and supports
short to medium range communications and
defines the infrastructure of the communication
system. DSRC has provided high data rate
services. The most popular application of the
ITS and DSRC is electronic toll collection
(ETC) using radio [requency identification
(RFID) technology (L1 ¢t af, 2011). The
etfect of vehicle maobility can degrade a system’s
performance because RFID cannot completely
read all the data when there is high vehicle
mobility (Kukshya and Krishnan, 2006). As a
result, the performance of the communication
link between the roadside units (RSU) and
on boird umts (OBT) 15 very poor umder such
a condition. According to the literature (Mar
et al., 2008), many works have studied the
cffeet on vehicle mobility of the performance
of the communication svstem between the
RSU and OBU. They introduce problems such
as the effect of multipath fading by the
surronndings of the communication area.
A igh bt error tate (BER) degrades the
system’s performance (Biswas er al., 2006)
and reduccs the rehability of the communication
system. thus providing a low system throughput
which degrades the system’s performance. In
the case of the LTC system, the high BER
decreases the user’s payment reliability. An
error ocelrs such as when the receiver canmaol
receive the overall packet, so that the recerver
station at the toll gate cannot read the user’s
pavment data. The low system throughput
transmits the data packet slowly. Then the
wooden barrier at the toll gate opens slowly
because the data packets require more time.
Also, Sibecas er al. (2002) concluded that

vehicle mobility and multipath fading are
the major problems directly affected by the
ITS and DSRC system. The researchers
determined (he need [or new techmology lor
the conventional ITS/DSRC systemn. The use
of orthogonal frequency-division multiplexing
(OFDM) technology has been promoted. The
researchers (Lin et al., 2009) have found the
feasibility of using the ICET 802.11p wireless
access for vehicular environments (WAVLE)
standard (IEEE, 2010). The advantages of the
IEEE 802 [ 1p standard are aclneved by using
the OFDM techmique. It eliminates the effect
of mmlopath fading or nter-symbol interference
problems. IEEES02.11p introduces outdoor
broadband communication such as DSRC and
50 protects against multipath fading as well
as supporting a high mobility user while
providing a high data rale transmission.
Tarokl ¢t al. (1999); Shan ¢ al. (2004)
mtroduced new technology that reduced
the BER and provided a high svstem
throughput. They found that the multiple-
input multiple-output (MIMO) technique
is one of the most promising technology
developments that overcomes fading channels
while mmntimng the benehts of gh data
rate transmission as well as a low bit error
rate. By using multiple antennas at both the
transmitters and rceeivers, the system with
space-time coding can provide more rcliable
transmission than a conventional system
cmploying only 1 antenna at the transmitter
and receiver. Also, the MIMO system can
mnprove other sysiemn perfommances such as a
high speetral efficiency, high system capacity,
high coverage arca, and high gain. In this
light, this papcr adapts the concept of
the MIMO technique to apply it to the
communication link between the RSU and
OBU. This technique Is able to be implemented
[or prachical use comparatively mwore easily
than the power control plus coding technique.
Hence, 1t 1s believed thar the MIMO technique
can both defeat the effeet of vehicle mobility
and destroy the impediment between the RSU
and OBU. The authors developed their own
transmitter and receiver using the software
defined radio (SDR) technelogy. The researcher
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can control the wavetorm wirth 2 hosrt
computers. Radio waveforms are controlled
by the software corresponding to the
paramcters’ configuration inside the host
computer. The SDR technology changed the
hardware problems to software prablems.
Muarwanlo ef al. (2009), presented a basie
concept in their study of GNU Radio and the
Universal Software Radio Peripheral (USRD).
The results showed that GNU Radio and the
USRP 13 a rapid and low cost prototype
sutlable Tor any wireless lechnolosies.
Biddlestone and Redmill (2009) presented an
implementation of the OI'DM transmission by
using the USRP and GNU Radio platform. but
many paramcters of the OFDM signals in the
TEEE 802 11p standard such as modulation
type, power level, fast Fourier transform bins,
and frame format are totally different from
IEELE 802.11a (ICLL, 1999). ITowever, the
implementation of the IEEE 802.11p standard
1s presented in Fuxjiger er al. (2010) with the
ollhne expermments. T.an and Ta (2010)
transmitted the FM data over the air interface
via GNU Radic and the USRP and collected
the data and investigated the system
performance. In this paper, the USKP and
GNU Radio sollwares wre uses to measure the
data m an oflline siuation aecording o Lhe
IEEE 802.11p standard. Many parameters
such as the packet crror rate (PER), BER, and
throughput have been ecollected. Maier er al.
(2012) mvesthigated muliiple anmennas al the
receiver [or the ITS, They muroduced selection
combining, squal gain combining, and the
maximum ratio combining algorithms. This
work inercascd the frame succcss ratio by
25%. Agostimt of al. (2013) introduced the
SDR lor the ITS wiich provided Lhe [lexibility
for the next generation of vehicular networks.
The weork of Mata et al. (2013) presented the
computer simulation of the MIMO-OFDM
for the ITS. The svstem performance of the
I1'S/DSRC was done by computer simulation
and the results showed (he tnprovement ol
the traditional ITS. In the literature, there has
never been prescnted the SDR technology
with the MIMO system coneeprt for the ITS.
‘Thus, the authars also were interested in the

enhancement of the I'I'S/DSRC hy nsing rthe
SDR technology and MIMO techniques.

This work introduces an implementation
of the MIMO technique. The communication
system integrates with the SDR technology ta
enhance the performance of rhe 5 9(GHz
TEEE 802_11p standard such as [or the ETC
communication between the RSU and OBU.
All system configurations arc bascd on the
IEEE 802 11p standard. This is because the
fading channel due to the etfect of buildings
arounid the roads and velncular environments
still performs the same as for any other
standards. In experimentation, the BCR,
throughput, and PCR performances have been
mvestigated by varving the distances between
the RSTT OBU and the received power al
the receiver. The comparisons between the
proposed and conventional system indicate
the benefits of the proposed technique.

The conscquenecs of this paper arc
shown as follows:

For the ETC systemn, the good recerved
signal power in the receiver promotes the
lower BER and PCR of the proposed system
and is less than that of the ITS/DSRC
conventional svstem. This refers to the
wnprovernent ol the systemn’s rehability lor the
user paymenl at the loll gate. The results will
produce reliability for the drivers by ensuring
that the proposcd systcm can operate with
more accurate data transmission and reception.

The average comrect recerved packel
ol (he propeosed system promoles Lhe
enhancement of the conventional ITS/DSRC
system. The proposed system received more
packets.

Focusing on the ETC system, the
proposed system can operate with wore
throughput than the conventional system. The
vehicle can transmit the data at a high data
rate 1o the toll gate, so that the wooden barricr
opens quickly Thiz will reduce the waiting
ume 1n front of the toll gate, reduce the
iravellimg time, and save luel. The reducthion
of emissions in front of the toll gate is the
most important conscquenec.

- For the collision avoidance system,
the lower PER and BER promote an
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improvement in the accuracy of the waring
message. This incrcascs road or traffic safety
and the MIMO system reduces the chance of
an accident.

The remammder of this paper 1s arranged
as follows: Materials and Methods present
the system model, system confignration,
experiments, and measurcment sctup. Results
and Discussions have heen explained. Finally,
there is the conclusion to this article.

Materials and Methods

System Madel

Conventional System

The ITS is an emerging technology
between telecommunication technology and
convenlional (ransportalion systems. i
improves road convenience, and traffic safety
for the driver and traffic congestion are its
main purposcs. The ITS opcratcs DSRC
technology which communicates with a short
to mcdivm communication range. The ITS's

popular applications include traffic reports
which scnd traffic information to the driver
such as text, video, and audio. Next are
wtelligent traffic signs which present traffic
signs o the dnver. The inlormaton provided
is about traffic congestion and suggests a
good way for the driver ta proceed. A Global
Positioning System (GI'S) tracking systcm is
used for logistics management, using a GPS
signal to managc a time table for logistics
companies. The GPS signal navigates so that
the truck driver can go faster to the destination.
The managers manage the tune table ol the
trucks. Parking guidance systems instruct the
driver to drive a vehicle to pass over a parking
gate and then park at an cmpty spacc. The
most famons of the ITS services is the ETC
system; this system improves the conventional
toll collection system. T'or the traditional ETC
system, drivers pay the toll to a human. The
problems ol the conventional (oll collection
system are that it 1s not fast because there are
traffic jams at the toll gate and, hecause
drivers accelerate and brake frequently, there

Coaventionzl Systera

MIMO Sy2tem Model

Figure 1. Conventional ITS/DSRC system versus integrated MIMO svstem: ETC (electric toll collection)
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are high emissions at the toll gate from the
exhausts of the vehicles.

The DSRC technology defines a standard
of communication infrastructure for a short to
medinm commmnication range. It is categorized
mto 2 mam commumeation procedures. The
first 1s vehicle-to-infrastrucmure (V2I) which
defines a standard of radio data transmission
between a vehicle and a roadside unit. Secondly,
vchicle-to-vchicle (V2V) defines the standard
for data transmission between a vchicle and
another vehicle. The components of the V2V
and V2I systems are the RSU and OBU, as
shown in Figure 1 in which the RSU is located
beside the road or on the top ol 4 lower that 15
positioned over the road. The OB 1x placed
on the dash board of a vehnele or located on
the top of the vehicle’s rool. The ITS/DSRC
standard 1s the IEEE 802 11p standard for
WAVE-DSRC. Table | shows the characteristics
of the IEEE 802.11p standard which incrcased
the duration of the symbol time from 4us to
8us. It protects from multi-path fading and
provides strength against the effects of
vehicular environments. The use of the
OFDM modulation scheme is appropriate
for the new techmology thal requures a lngh
data rate according to the data size, such as a
traffic report, caution sign. pieture, and video
between the RSU and OBU data transmission.

MIMO System
There are 2 main techniques for the
MIMO encoder including spatial multiplexing

and space-time coding. In this paper, the
concept of space-time coding has been chosen.
There is a tolerance to a fading channel that is
caused by the road surroundings. In this
paper, the Alamauti space time hlock code
(STBC) 15 employed which s the simnplest
form of STBC and was mvented by Alamout:
(1998). This code 13 designed for a 2 transmuirt
antennas system and operated on a block of
input symbols. The columns of the coding
matrix present the time and the rows show the
antennas. The main feature of the STBC is a
very simple decoding scheme and the code
matrix is given as

(D

tor Nr, Nt =2

At a given symbol period, 2 signals
simultaneously transmit from the 2 antennas,
namely §; from the first antenna and 5, from
the second antenna. In the next symbol period
the (tr + T;) signal — S) and 7 are transmitted
from the first and the second antennas, whers
Ts denoles The symbol period. The ealimms of
the malnx correspond 1o the antenmas and 4
row corresponds to the time slot. lhis code
matrix from cquation (1) 1s orthogonal. At the
receiver site, the space-time combiner
combincs the rceeived signals as follows in
cquation (2):

Table 1. ILEL 802.11p specifications
Service Specification
Modulalion lype BPsK
Dhata rate 3 27 Mbpe
Frequency band 5.850-5.923 GHr7
Number of data subcarriers 48
Number of cyclic prefix 4

Total subcarrier

OFDM symbol duration

wn

q

8 us
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s <L .

Tl I 4% (RLRAL RUY

o T ¥ * (2)
s ) NEll” N G e =
\\ = L = f I-af l:..l' 2:.)’.

for Nr, Nt =2.

Sy and §; present the estimated symbaols
in thecodeword matrix. The symhaols h;, ;
present the estimated channel from the

) 1 :
transmit antennas and ||H|| receive antennas
and presents the summation ol the channel
power per link.

System Block Diagram

Figure 2 shows the system block diagram
consisting of the equipment as specified in
lTable 2. The syslem block diagram consists
of 2 host computers which are used as | for
the transmitter and | for the recciver. The
host computers are connected with the USRP
motherboard. The authors plugged an
XCVR2450 daughterboard as the radio
frequeney (RF) front end inside the TUSRP
motherboard. The VERT2450 transmit and
recelve anlennas were connecled with 2
XCVR2450 danghterboards. At the transmitter,
signals flow from the softwarc which was

XCVR2450
‘I'vansmitter PC Transmit USRP > VER12450
(TXA}
XCVR2450
VERT2450
I TS \VI7 | (TXB) ™ |
| Transmitter
________________________________ I
| Receiver
| |
XCVRE2451) 4
VERT2450
= lt—— o e—
Receive PC Receive USRP (RXA)
A
XCVR2450
< YERI2450
(RXEB}

Figure 2. System block diagram for the setap of the MIVI() implementation

Table 2. Equipment specifications
Devices Quantity Specitication
Host Computer 2 Intel Core i5 DDR3-4GB Ram
Ubunt 10).04 Operating System with GNTJ Radio instal
USRP Daughterboard 2 USRPV1
4 XCVER2450

Frequency: 2.4 to 2.5GHz, and 4.9 to 5.9GHz
2 [or Transinitter
2 [or Reveiver

Antenna 4 VERT2450 Frequency: 2.4 to 2.5GHz, and 4.9 tc 5.9GHz

(Gain: 3dBi
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designed by the authors. Digital signals are
generated via the USRP motherboard and
sent through the XCVR2450 RF front end.
1he RF front end converted the digital signals
to analag signals. Finally, an analog signal
tlowed to the VERT2450 transmit antennas
sending analog signals over the air interface.
At the receiver, the procedures of the signals
flow were the inverse of those for the
ransmitter.

System Configuration

Hardware: USRI

Figure 3 presents the USRP platform.
The TUSRP was developed by Lttus Research
LLC of Mountain View, CA, USA. Inside the
USRP, there are 2 main components. First,
the motherboard field-programmable gare
array (FPGA) 18 the main component of the
UUSRP. The responsibilities of the FPGA are
to calculate aud process (he signals al
the transmitter and the receiver. At the
transmitter, the USRP includes hich speed
digital to analog converters (DACs) which
convert the digital signals to analog signals.
After that, the signals have gone to the RF
part. At the receiver, high speed analog to
digital converters (ADCs) are installed to
reverse the analog signal fo a digital signal
belore sending the signal lo the FPGA. The
main idea of the TPGA is that all the high-
speed general purpose operations like digiral

up and down conversion, decimation, and
interpolation are done on 1t. Secondly, the
daughterboards the duty of which is to hold
the RF recerver interface or tuner and the RF
transmitter. The danghterboards are plngged
inside a USRP motherboard. The complete
TUSRP and daughterboards equipment is for
the convenience of the radio engineer. The
authors created their own communication
system. The inside of the motherboard contains
an Altera Cvelone EPLC12 FPGA. This FPGA
consists of 4 ADCs which mn on 12 hits per
samiple with 64 Msaples/sec. The 4 DACs
run onl4 bits per sample with 128 Msamples/
sec. With regard to the daughterboards’ work
in the field of the RI' front end, this paper
employs XCVR2450 daughterboards which
respond to the RI" 1n dual bands, 2.4 GIIz and
5.9 GHz. All the components are assembled
w1 USKP box using a 3A 6V power supply.
Finally, the TJSRP conneets to the host PC via
a Umversal Senal Bus 2.0.

Software: GNU Radio and MIMO
Implementation

GNU Radio 1s an open source software
package which controls and processes the
signals. GNU Radio 1s written 1 both the
Python and C++ programming langnages as
shown in Figure 4. The C1 1 programming
language was created for the signal processing
block. The main role of the Python programming

Figure 3. Universal Software Radio Peripheral
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language 1s Lo connect and glue the entire
signal processing blocks. GNU Radio provided
the frequently used blocks for the researchers.
They crcated the communication system such
as the modulator, demodulator, filter, and the
many signals processing blocks mmside this
package. GNU Radio worked with the USRP
hardware and the authors developed and
applied their own codes for the configuration
of the radio communication system.

Figure 5 and Figure 6 have shown the
transmitter and receiver structures, respectively.
The directions to create the MIMO system
were set out in Wee ef al. (2009a, 2009b). The
authors applied the source codes from the
GNU Radio software package and they
nsed the C++ langnage for the digital signal
processing program. The Python programming
language glued all of the siunals processing
blocks. The authors defined the pilot signals
x; and x; for estimating the channel cocfficient
at the receiver, and the data streams as the
payloads S; and S5 for (he transmission in lhe
first period. For the second period, the authors
sent —§; for payloadl and S; for payload 2.
After that, payload | was transmitted to
antenna 1 and payload 2 was sent to the
transmit antenna 2, respectively. Finally, our
program checked the status of any more data
to be sent and the end of program. The signals’

Now at the receiver is shown 1n Figure 6. The
authors received the pilol signals rom both
symbol periods and obtained the channel
cocfficicnt by estimating from thc pilot
signals x; and x;. The authors extracted the
receiver payload at the first symbol period
and the second symbol period and then the
program processed the signals. The codes
applied a decision rule for the raw data. After
that, the program stopped and the authors
extracted the raw data which consists of pktno
(packet number), n_rcvd (number of received
packets), and n_right (number of correct
received packets). Finally, the authors calculated
the system performances such as the PER.
BER., and throughput by varying the distances
between the RSU and OBTL

Experiments and Measurements Setup

The experimentation contained the
transmitter or RSU and the receiver or OBU.
The transmitter consisted of the USRP
motherhoard and XCVR 2450 danghterboards.
‘The software was developed and installed on
the motherboard. The authors configured the
data packets as the IEEE 802.11p (WAVE
DSRC) standard. Also, the authors transmitted
the signals over the air interface. At the
tecelver, all paramelers were conligured similar
to the transmitter based on the same standard.

Python Flow graph
(Created using the processing block)

SWIG(Port C++ block to Python)

GNU

I'ython Ilow graph
(Created using the processing block)

Radio

USH2.0) Interface

Generic RF Front End

Figure 4. GNU Radio structorc
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The authors conligured the decimation rale,
intcrpolate ratc, and number of samples
per symbols at the receiver and receiver,
respeclively. Also Lhe signals were (ested in
the laboratory before real experimentation,

Pavload 1 tr d threugh i 5
Pavload 2 tr d threugh 2
— 2
_.(\/ start \-—b— Defme pilot s Pilot signal sent across
. e signal two symbal periods
Ty x, and X,
Na v

Payleadl=" Paylaodl=5 Define data

Payloadl= .5‘* Payloadl=5_ S“' eam 5

1 2 1amd 2

1

y

be send?

Amy more data ta

Figure 5. Signals flow diagram at the transmitter (Wee ef al., 2009a)

l_ T3 ~ . ExTor
e T no [¥
START \\‘ Chitain
e Received pilot 2
— e signal from > 1.I|3|||-hl-.'|
hath symhol yes vae Michkml
periods?
Y
ves
Calculate R‘:“_Edhol am Received first
sigmal -< *m:en?-z? = symbeol period
payload.? payload?
I no | no
Y
R
Apply dicision Kevboard ves ™
rule to get - interrupt End /
data from user
— —
no

Figure 6. Signals flow diagram at the receiver (Wee ef al., 2009b)

50 lhal the authors could check (he validalion
of using our softwarc.

At the OBU, the USRP was connected
Lo the laptop. The authors counected the
USRP RSU to a personal computer (PC). Both
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the laptop and PC generated and colleeted the
dara paclkets. The XCVR2450 danghterboards
were nsed for these experiments at hoth rhe
OBU and RSU. The authors confignred the
transmitter and the recciver as the MIMO-
Alamouti encoded and decaded operation
with 2x2 antennas. The single-input single-
output (SISO) system consists of 2 antennas,
1 at the transmitter side and 1 at the recciver
side. The diffecrences in the systems’
configurations arc the number of transmit
antennas and the STBC code for the MIMO
system. The frequency band for this
experimentation is the 5.9 Gllz band. The
USRP A was configured as the OBU and was
located on the roof of a car, as shown 1n
I'igure 7. The USRP B in Tigure § was
configured as the R5U and located beside

5t /
Figure 7. On-Board unit (located on the roof of a
car)

the road. The cxperimentation was conducted
in an ontdoor environment. The maximum
distance between the RSTJ and OBT is 5 m.
becanse of the TJISRP’s limited specification.
The authors mcasurcd for a vehicular
cnvironment which was a 2 lanc road. All of
the system specifications were configured as
the IEEE 802.11p (WAVE-DSRC) standard
(IEEE, 2010; IEEE 1609 3. 2006; IEEE
802 11p: Partll, 2010). For cach of the
mcasurcment locations, 10 times of data
collection were performed. The measurement
methodology was categorized into 2

procedures per point. T'irst, the authors
investigated the SISO system in Iigure 9(a).
and then the MIMO measurement 1n Figure
9(b). Lvery point varied the distance between
the RSU and OBU. The authors collected the

(a)

(b}

Figure 9, Experiment and measurement setup a) SISO by MIMO
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received power in each pesition, and the | — PER=(1— BER)" (&)

off-line data, and extracted all the dara. The
authors computed the system performances
such as the PER, BER, and throughput. The
aims ol these experiments deterunned the
relarionship between the PER, BER, and
throughput versus a distance berween the
RSU and OBU and the received power with
the binary phase-shift keyving (BPSK)
modulation type. The authors got the raw
offline dara from the experimentation. The
experimentation measured 10 times/points
and varied the distances between the RSU and
OBU. The authors extracted the raw data and
determined the average values of pktno,
n_right, n_revd, and received power. After
that, the authors used equation (3) in order to
calculate the PER performance and computed
the BER by equation (4).

A_right | :
PER=(1—| ——— )x100% (3)
pktno

Table 3.
reccived power (dBm)

n_right 1is the number of corrcet
receive packets

pkino 15 Lhe packet number

L 13 the packet length

Results and Discnssions

The experimentation investipates the system
performance. There are the PER, BER, and
throughput. The authors varied only the
distances berween the RSU and ORTI. Tahle 3
presents the results. The PER of the MIMO
2x2 versus the distance between the RSU and
OBU 15 less than the conventional SISO
system. For the BER performance, the BER
increased when the distance between the RSU
and OBU inereased. The BER performance
of the proposed system is less than that of
the SISO system. For example, 1 the E'TC
system, these resnlrs inerease rthe reliahility

Experimentation results for the PER, BER, and throughput vs. distance (m.) and average

e e el o2
-6L.3 1 39.42% 39.04%
70.1 2 60.10% 39.10%
PLR -74.3 3 84.02% §3.41%
-77.7 - 97.04% 96.44%
-81.2 5 98.73% 98.40%
-61.3 1 125 % 107 1195100
-70.1 2 231 x 102 223x 103
BER -7438 5 457 = L0 448 =< 10°?
-77.7 4 8.76 = 107 .20 x 10#
-81.2 5 1.10 x 10- 1.00 x 10¢
-61.3 1 1.81 = 10° 1.90 = 10°
-70.1 2 1.18 x 10° 1.23 % 10°
Throughput 71.8 3 1.80 > 102 1.97 x 10°
77.7 1 8.88 » 10° 1.07 » 10°
-81.2 5 381 %10 5.37 x 10¢
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[or drivers by ensuring that the proposed
system can opcrate with morc acenracy.
Our results promote the reliability for user
pavment at the toll gate. The reliability of the
commutnication system in the TTS is affected
by (he mulupath fading chanuel (Ma et al.,
2012). The PLR in this work is measured
under the fading channel. The PER threshold,
based on the ASTM L2213-03 standard
(ASTM, 2010) for data transmission in the
ITS 15 109% at 1000 byles packet lengih.
The PER and BER rclationship is presented
in Equation (4). Moreover, the PER refers to
the probability of the correct received packet
at the reeciver side. The PER indicates a low
reliability of the communication system
when high PER. Also, the reliability of the
communication in the ITS is indicated by the
PER and BER. Focusing on the system’s
accuracy, both the PER and BER indicate the
accuracy of the information received at
the receiver. The packet lengths of 400 bytes
are transmitted by the transmitter. As to the
measuwrement of the results, the receiver can
receive 1248 bits at a distance between the
RSU and OBU of 1 m. Also, this situalion
promotes the accuracy of the receiver side in a
communication system in the ITS.
Therelore, the proposed syslem can
confirm that the MIMO technique and SDR
technology muproved the (radilional systein’s
performance. The SDR technology promotes
convenience for engineers to configure
communication systems. Furthermore, the
thronghput of the proposed system is more
than that of the conventional system. The
results show that the proposed system 1s able
to operate for high speed data communication.
From the reasons above, 1t allows the user
to transmit huge data packets such as
audio, image. and video. Table 3 shows the
mvestigation of the average received power.
When a vehicle maves far from the RSTJ,
the average received power al the receiver
decreases. The overall results demonstrate
the improvement of the proposed system
which improves the link quality of the
ITS/DSRC system. As to the ETC systems,

the use ol the MIMO system umproves the

systewn’s performance. Furthermore, when
considering the collision avoidance system,
the use of the proposed system can improve
the accuracy of the warning message. The
effect of this has increased road or rraffic
salety and (he MIMO systemn has decreased
the chance of an accident. inally, the authors
investigated the system’s performance of
the average correct received packet ratio.
The result is the comparison between the
distances ol the RSU and OBU versus the
avcrage reecived power Figure 10 presents
the relationship of the average cormrect received
packet ratio versus the distance between the
RSU and OBU. The average corrcet received
packets are counted under the same toral
number of transmitted packets. At 3 m. the
results reveal that the proposed system
recerved 415 packets more than the conventional
system which received 390 packets. Our resnlt
confirms that the MIMO system received
more packets than the traditional system.
Figure 11 compares the average correct
recewved packet versus the average recerved
power. For example, at -80 dBm, the value
shows the system’s sensitivity and conlirs
that the receiver can receive packets from the
transmitter. For -80 dBm, the transmitter is
aboul 5 m [rom the receiver. The results
indicate that the MIMO system can reecive
70 packets and the conventional sysiem
can receive 435 packets. All our results
promote the proposed system as being able
to be operated with more etficiency than
the conventional SISO system. The proposed
system’s use as an ETC system improves
reliability for drivers, because when they are
in front of the toll gate they are sure of the
reliability of the payment data. In tront of the
toll gatc, the proposed system rcdnces
the waiting time because of a high svstem
throughput that can send the data packet
with a fast dara stream. The effect 15 to raduece
the waiting tme 1n front of the toll gale,
reduce the travelling time, save fuel, and most
importantly reduce exhaust emissions in front
of the toll gate. The average cotrect received
packets ratio of the MIMO system is more
than (hat ol the conventional system. Thas
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MIMO syslem can recelve more packels 1n
thce same time than the traditional system.
Because of the limitations of the equipment
with a low transmission powecr and a small
gain from the antennas, this system cannot be
implemented providing a coverage range of
more than 5 m. In the future the authors will
mprove this limitation and experument with
vchicle movement at varying speeds of the
vehicle. We have investigated the systen’s
performance and compared it with the TTS/
DSRC comnumcation syslem.

Conclusions

This paper introduces an implementation
of the SDR technology nsing the MTMO
technique. The proposed syslem nuproves
the ITS/DSRC conventional serviecs. The
authors apply the GNU Radio and USRP
platforms to the IELL 802.11p (WAVL-DSRC)
standard. The PER, BER, average correct
received packets, and throughput have been
investigated by varying the distances between
the RSU and OBU. The results will provide
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rcliability for drivers to cnsurc that the
proposcd system can opcrate with more
accuracy. In the future, the authors will
improve and develop the system to support
a moving vchicle.
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Absiract— The development of DSRC (Dedicate Short Kange
Comunuuicalivn) for ITS (Iwelligence Transportation Sysivi)
has heen recently concerned for high speed data transmission.
Huwever, the existing DSRC lechuique provides o low speed daia
transmission. The scarching for new fechniques to support
trnasmission requirement is still oo foeus. This paper introduces
to apply MINMO (Muoldple Tnpur Multiple Ourpar) teehnigoe and
SR dechnology 1o stwdy the performanee of 5.9GH. DSRC
based on  TEEES02.11p (WAVE-DSRC)  srandard.  The
experiment  vesults show  thar hoth BER and  rhronghpur
performances are improved hy nsing the proposed system.

Keywords- DSRC; ITS; SDR;MIMQ

L INTRODUCTION

ITS (Infelligence Transpomation Systemy) has  been
developed to solve the traffic problems such as traffic
congestion. accidents and reduce the overall congestion cost.
The final goal of ITS will improve the traffic efficiency and
mobile safety without a new road construction required.
IEEER02.11p is a standard wsed tor DSRC (Dedicated Short
Range Communication) communicarion system between RSU
(Road Side Unit) and OBU (On Board Unit). DSRC s a short
to medium range communication system and it 15 established
for teleconnmmpeation exclhages between RSU and OBL
system. DSRC provides a high speed radio link between RSU
and OBU within & narrowband comnnmication area. The most
applicalion of 118 15 E1C o1 Electie Toll Collection systeu
LCTC consist RSU locate on the road and OBU place on dash
board or the raof of a car

IEEESOZ 11p (WAVE-Wieless  Avcess lor Veluculn
Eovoonments) 15 # slandard w be used m oan outdoor
propagation. An advantage of ILLL 802.11p [1] 15 aclucved by
nsinzg OFDM  (Orth Nmna] freqmancy-division  multiplexing)
chlu.uqut' s0 11 can elonmate (he ellect of multpath [dimng o
ISI (Inter symbol Interforcnec) problem. This standard is
benefit for outdoor broadband commnmmnication such as DSRC
(Dedicared Short Range Communication)[2], 115 (Intelligence
Transportation System) |3] because of its cndurance for
multipath fading as well as supporting a high mobility vser
while providmyg a bugh data rate ransmssion.

For measunng equipments, the authors develop our own
transmitter and receiver using SDR (Software Defined Radio)
technology. Researcher can control waveform by 2 host
vomputers sud SDR chuinge hardware problemns o soliware
problems. In [4]. the rescarcher presented a basic coneept 0
study GNU Radio and USRP {Universal Softwars Radio
Permpheral). The results showed that GNL Ruadio sud USRP 15

the rapid and low cost protofvpe suitable for any wireless
technalogizs. The works in [5-6] presented an implementation
of OFDM uansmission by using USRDP and GNU radio
platform but many parameters of OFDM signals in IEEE
S02.11p standard such as madulation type. power level. FFI
binz and frame format are totally ditferent from IEEE 802.11a.
Although the -mplcm..nn tion of ICCCR02.11p standard was
|‘rlt‘-i|lht’] in [7] but it was an offline experiments. Tn this paper.
USRDs and GNTT Radio sollware are used to measure data in
offline simation accerding to ILLL 802.11p standard. Many
paramefers snch as packet error rate, hit eror rate and
nowghiput are collected.

MINVIO (Multiple Tnput Miltiple Outpnt) tzchnique is one of
the most promising technelogy that overcomes fading
chanmels while maintain the benefits of high data rate
transmssion as well ws low bal emor rate |8-9). By using
nmltiple antennas at both transnutter and receivers. the system
with space-timue codmyg cun provide more relable ransmmssion
than conventional system employing only one antenna at
transmitter and receiver. Also MIMO systemi can improve
other system performances such as high speerral cfficiency.
Ligh sysiem capacity. high coverage area and Ligh gam. In (ns
light. this paper adopts the concept of MIMO technique to
apply on cc-m:mmjcn'rinn link herween RSU and OBU with
SDR technology. Also this technmique is able to be
implemented for placncai usc and "ompnamclv casicr than
power control plus coding technique. Ience. 1t is believed that
MIMO teclunque can deleat the elfect of ladmg chammel aud
be able 0 destoy nopediment between RSTU and OBU.
However. so far in literahires, there has never been any report
concerning this issue before.

This paper imroduces an unplementation of MIMO
technique apply with SDR rtechnology to enhance the
petfonmance of 3.9GHz IEEESOZ.11p for LIS puposes such
as FTC comnumication berween RSTT and ORTUL All system
configurations are based on IEEE02.11p standard [10] which
is one of the most recent standards for DSRC system. This 13
beeanse the fading channel due to buildings cffect around the
road stll performs the same for anv other standards. In
expenuentition. bolh BER (Bit Enor Rale) and Uroughpul
performances are investigated via observing the distance
between RSU and OBU. The comparisons between proposed
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Figurel. Block Diagram of a systen.

aud conventional systews are also gven w order o indicate a
good of proposed technique. The remainders of paper are
described as followed. The conventional DSRC, ITS system,
MIMO technique, SDR. technology and GNU Radio in sction
1L. Then the system configuration used for experimentations
are explained i section ITT including a svstem block diagram
and equipment. Tn section TV, experiment serup and all results
are discussions. Finally. the conclusion of this paper is given
insection V.

TABLE L IEEE. 11P SEECIFICATIONS,
Service Specification
Meodulation tvpe QPSEDPSE
Dizta rate 3-27 Mbpe
Trequency band 5.8GHz
Number of data subzarriers 48
MNumber of cyclic prefix 4
Total subcarsier 52
OFDM symbel dustion fpus

I ITS.IECC802.112 (WAVE-DSRC), MIMO. SOFTWARE
DEFINED RADIO TECHNOLOGY

F: Y

Tnrelligent Transportation System is a new rechnology that
oceurs to improve traditional transport svstem. Main goal of
LIS 15 mmprove fraffic safety and solve the maffic problem
without new road construction. Traffic problem is the main
problem i many comntriss the government find solution 1o
solve (his problens Many ITS syste such as parking guidance
system. intelligent traffic sign. traffic report and electric toll
collcetion system. All of these. TTC 15 the most favoriic systcm
1n the world. Because people can cash the tolls automatically
by place the OBU on the dashboard or the top of a car. RSU
located above the road and communicate with OBU. Then a
wooden block is opening and & car can pass 4 wll gate Thos
methad decrease travel time. Bur a suronndings around the toll
gate cause an error to a communicate link between RSU and

OBU. Because multi-path fading is ocours its affect to a
communication chammel. This paper represents an maplement of
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Figure2. XCVR2450 Dauglvzr Board.

SDR and MIMO technology to study an improvement of
conventional ITS system on ETC comnmmication link between
RSU and OBU.
B IEEER02.11p (WAVE-DSRC) Standard

IEEER02.11p (WAVE) was developed from IEEE 1609
WAVE project and it was extended from IEEE802.11a by
using OFDM technology. The IEEER02 11p standard operates
in 5.85-5.925G11z bands. Ir differs fiom the old version with an
increase of frame duration Tom 4 ps to § ps. The effect affer
applying OFDM symbol duration 1s that it can support higher
user mobility and also decrease mors  infer-symbol-
interference. This 15 because doubled OFDM syiibol tines also
mean the extension of the cyclic-prefix duration The
parameters for [EEE 802.11p WAVE are described in Table I

C. MIMO

There are two main techniques for MIMO encoder
inchuding spatizl multiplexing and space-time coding. Tn this
paper. the concept of space-time coding 1s chosen hecanse ifs
tolerance to fading channel cansed by toad sumonndings is
better then the other. The special case named as Alamouti
STBC (Space Time Block Code) [8] 15 crployed. The
stmplest form of Space Tmne Block Codes was invented by
Alamouti in 1998, This code 1s designed for two-transit
antenna system. STBC operates on a block of inpus symbols,
columns of the coding matrix represent time and rows
represent antennas. Main feature of STBC 15 a very simple
decoding scheme and the code matix 1s given as

for NiN=2

Al g gven symbol period, two siguals are simullaneously
transmitted from the two antennas. namely — from the first
antenna and  from the second antenna. In the next symbol
period (t+ ). signal  and  are transmutted from the
first and the second antenna, where  denotes svmbol period.
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Colutms of (he matix comespond 1o (he antemmas and 4 row
corresponds to the time <lots. Tlus code matrix from (1) is
orthozonal. At the recerver site. the space-time combiner

e 7 p T

Figure3. Universal Software Radio Peripheral 1

the received signals as follows (2);
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for NENI=2,
and  represents the estimared svmbol in the codeword
matrix. Represents the esnmated channel from the

transouf antennas and recetve antenna and Tepresents
the summation of channel power per hink.

D SDR_Software Defined Radin ond GNU Radio

SDR (Software Defined Radio) 15 a technology to deercasc
the complexity of radio transmission system hy using software
done the radio signal manipulate and processing. All of sipnal
processing 15 done by using microcowpuier. Al (e ransiiller
path belore sending a sigual on e air ils must be convert
digiral signal o analog signal by using DAC (Digital to Analog
Converters) and then an analog signal go staight to a transmuf
antenna. At the receiver path a signal from receive antenna is
an analog signal . To do a signal processing a signal must be
converting o digital signal by wsing ADC (Analog o Digital
Converter).

GNU radio is an open source sofftware that control and
processing a signal. GNI radio 15 a soffwarc package which
creates by Python  programming  langrage and C++
programming language. Block and flow graph are create by
Python and Signal processing are craate by C++.GNU radio
arc working with USRP and uscr can develop their own code
much the same as a radio engineer comnects a sub device fo
ke & Tadio conmmuicaion syslen,

T, SYSTEM CONFIITRATION

A System Block Diagram

Tig.l represents a fransmutier and recorver. At the
transmitfer consists 1 host compurer. 1 TISRP, 2 XCVR2450
davghter board and 2 VERT2450 transmit antenna. Af the

transtuitier a host compurer connected with USRP 1o control
ransmit waveform and contrel all of parameter such as

Figured. Experiment Setup.

modulation type. number of subcarriers, number of antenna |
mimber of evehie prefix and rransmit frequency. Tpupments at
the receiver are the same as the transmitter bur it work
reversely.
B. Equipmenr

ISRP (Universal Software Radio Peripheral) in fiz3 15 &
platform which developed by Eutus Researel LLC. Tuside (he
USRP have 2 main componens fo create a radio
communication svstemw. I'irst 15 mother board. Mother board
confains an Alrera Cyclone EP1C12 Field Programmable Gate
Array (FPGA. T hias 4 ADCs which gach munning 12 bits per
sample with 61 Msamples/sec and 1 DACs which running 14
bits per sample with 128 Msamples/see. Second 15 daughter
board that working 1 a field of RF-Front Fnd Fig2
tepresents XCVR2450 dauglter boad i's providing radio
frequency in dual band such as 2.1 GHz and 5.9 GHz. All
components are assembly in one USRD box using 3A 6V
power supply. Finallv, USRP is connecting to the host PC
with USB 2.0(Universal Serial Bus 2.0).

IV. EXPERIMENT SETUP .RESULT AND DISCUSSION

4. Experiment Setup

Fig4 showed (e experment seup. The author selup OBU
and RSU parameter follows IEEES02.11p (WAVE-DSRC)
slandard and assume silvaton relae w0 ETC operation. RSU
place on a tower located beside the road high 1.5 m. OBU
place the top of a car. Because of hardware limitation such as
ransmit’receive anenna VERT2450 gam is 3dBi cause the
communication range between RSU and OBU is 5m and
measure 10 times/pomnt. An experiment paramefers are:
modularion type qpsk. data rafe IMbps and packer length 13
400. The authors marking § pomrs fiom RSU to ODU. After
that we measired the dama in offline methad rhen we ger packer
munber. number of correct receive packet and mumber of
receive packet. The authors use (3) to caleulared Packet Error
Rale (PER), aud 4) for (BER) observing wilh a dislance
belween RSU aud OBU
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TABLEII. EXPERIVENTATION RESULTS BER. THROUGHPUT VS, DISTANCE

M)
Variable | Pistance | Conventional System | MIMO 252
(m]
1 1.23x] 119;1-3':
2 231x10° 22310
e 3 157510° 1.28510°
4 8.76x10° 830s10°
5 1.10x10° 1.00510”
L 1.81x1(° 1.90x10°
2 1.18x10° 1.23x10°
Ibroughput 3 A8U=1Y° fi.y?x]Uf
1 8.86x1 1.07x10°
5 381110 5.37x10°
4 b3
n_right ]
PER={l—| — )x100% (3
\ pkmo |
|—PER=(1—BER)’ (4)

n_right s & number of correct receive packet

phmo  1s packet number
74 is Packet length

First, the anthors extracted an offline data to compnre
avcrage PER affer thar caleulatc BER compare with how long
from RSU to OBU. Then compute throughput and keep the
resul to analysis and discussions.

B Resulr and Discussions

Table ILrepresents a compare of conventional svstem and
MIMO 2x2 systems ar a distance from OBU and RSU equal §
m. thar show a differsnt value. The result showed that BER of
uultiple antemma systein less Qan conventional sysiem relaled
to imprave system performance because it increasss reliability
of the ETC system and improve credibility of user. This result
can improve authenticity of TTC system and atfractive many
people tumn o use ETC system. From above a reason ETC is
reduction in the man-hour required as the sysem does nof
require any human to work at the toll gate. Then reduction
taffic juns because @ car can pass the wll gate wore quickly.
When a car can pass wll gare quickly, time saving occur and
fiiel save 1s occnr. And the most important reason is rechice an
emisston around toll gafe. Focus on throughput vs. distance
betwzen RSU and OBU this results show that & throughput of
MIMO svstem more than conventional system can indicate a
good of the purpose system and improved system performance.
These results showed that we can transuuil (he data raprdly. As
a result a wonden hlock is opening speedy. Then drivers cannot
stop and accelerate forward the toll zate it could be save the
fnel and save the energy of a car.

V. CONCLUSION

This paper  represents a  preliminary  study  of
mmplementation SDR technology and applies MIMO technique
to improve ITS/DSRC svstem such as ETC system. The results
can lead a good way fo develop and increase ITS and DSRC
ystem performance by apply MIMO technique. Which an
advanlages of SDR such a3 tanslate ardweare problems 1o
soffware  problems  and cheap components are  leading
rescarchiers to bullding a communication system by themselves.
Next wotk the author planning to improve a system that
supperts vehicle mobility and develop the soffware t© be
stabiliry,
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Abstract  TEEE 802.11p has recentlv proposed for Dedicared
Short Range Communication (DSRC) which supports the high
speed data fransmission for Intelligent Transportation System
(TTS). Most aspects for this standard depict the link between
readside equipments to vehlcles under ourdoor scenarios,
TMowever, when vehicles move to imdercover car parking or
indoor constructions, the transmission link is antomatically
detached from roadside equipments. Thevefore, it is a better
approach if vehicles can extend (heir services under indoor
seenarios via IEEE $02.11p. In this ght, this paper presents an
invesligalion vu usimg (his standard Tor indvor approach. The
real prototype using GMU Radio and USKP (Universal Soffwarc
Radio Peripheral) has been implemented for data measnrements.
The results reveal the possibility of using this standard for indoor
communication.

Keywords-component; GNU Radio; USRF; DSRC; ITS

1. INTRODUCTION

IEEER02.11p (WAVE-Wireless Access for Vehicular
Eovironments) is a standard to be used o an outdoor
propagation. An advantags of ILEL 802.11p [1] 15 aclueved by
using OFDM (Orthogonal fraquency-division multiplexing)
lechmique so 1t can eliminate Qe effeet of mulupath Gding or
IST (Tnter symbol Tnterference) prohlem. This standard s
benefit for outdoor broadband commumication such as DSRC
(Dedicated Short Range Conwmncation)|2 | ITS (Intelligence
Iransportation System) [3] beeanse of ifs endnrance for
multipath fading as well as supporting a high mobility user
while providing a high data rate transnussion.

In general, the vehicles having OBU (On Board Uif)
exchangs ontside information by communicating with RSU
(Road Side Unit) which 15 located along the traffic road. This
communication is no longer available when vehicles move to
undercover car parkings of indoor construerions. The possible
transmission for mdoor scenarios can be achieved by other
communication standards. However. it is a better approach if
velicles can still wse (belr services via (he same slandad
available for hoth antdoor and mdoor. In this light, this paper
prasents the feasibility smdy on using IEEE $02.11p for indoor
DSRC approach. So far i lieratures, (bere lias uever besu auy
repont on nsing fhis standard for an imdoor commmicarion.

978 1 1673 0663 3/12/$31.00220.2 [EEE

For measuring equipments, the authors develop our own
traustuitler and recelver using SDR (Sollware Deline Radiv)
technology. In [4], the reszarcher presented a basic concept to
smdy GNU Radio and USRP (Universal Software Radio
Peripheral). The results showed that GNU Radio and USEP is
the rapid and low cost prototype suitable for any wircless
technologies. The works in [5-8] presented an implementation
of OFDM transmission by using USRP and GNU radie
platform but many paramcters of OFDM signals m IEEE
§02.11p standard such as modulation type., power level, FFT
buns and frame format are rotally different from IEEE 302.11p.
Although the implementation of IEEESC2.11p standard was
presented in [7] burt it was an offline experiments. In this paper.
TISRPs and GNIT Radio software are used to measvre data in
real tme according to IEEE 802.11p standard. Many
parameters such as packel emor ratz, packel loss, throughput
and channel power are collected.
I MEASUREMENTSELUDL AND RESLLLS

This paper has presented the measured data fo investigate
the use of IEEE 802.11p for indoor DSRC approach. From all
results, it concludes the possibility of using this standard for
indoor with the same quality as outdoor only if the transmit
powzr is high enough and there is no obstruction between
transmitter and reeciver, For the fotwe work, the other
technique such as MIMO will be applied o improve the
pertormance ot using this standard for indoor approach.

Fizure 1. USRI (Universal Software Badio Peripheral)
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